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PREFACE 


It would b,e difficult at this time, even if it were advisable, to 
write a book the chemistry and examination of oils which is 
entirely different from its predecessors. It is hoped, however, that 
the following pages contain sufficient that is new both in material 
and method of treatment to justify their publication. 

An attempt has been made to keep all that is best in method 
both olfl and new, and whilst due weight has bjen given to older 
work, which tAe test of experience has shown to be of value, 
Special attention has been giv^n to all the latest methods which 
hold out promis^ of usefulness. 

The examination of oils has for long suffered from the dis* 
advantage that its methods nave been, to a large extent, empirical, 
bu| there are welcome Signs that such a statement will soon cease 
to ^lescribi truthfully the position. Already many valuable 
investigatidns of fuijdamental importance have been concluded, 
whilst othei's afe stijl tinder cotfsideration. It is considered that 
the importance of these, merits their treatment in full. 

Some methods have been mentioned that up to now have not 
yielded very useful results. They have been included because 
they contain, in many instances, some ideas which may be found 
to b(.v of value in other directions. Many suggestions are also 
given of subjects for inve^igation which are likely to yield 
interesting and valuable results. 

Jt is lioped. that the unusually large nuvber of references will 
be fbitid to be of value. .In nearly every case they have been 
« checked from the pnoofs with their respective Jotfrnals. References 
to abstracts in the Analyst and ^n the Journal of the Society of 
Chemical Industry Iiave*been given preference ^wherever these are 
available, as these journals are found in nearly eijjery laboratory, 
whilst those reaciers desiring further informatfon will readily find 
the original sources»from these abstracts. , 

It <s with, great pleasure that th^ -Author acknovyicdges the^ 
assistance .( that he has received from- iflany sources. He is 
indebted to firms and, individij^ls ^r the loan of blocks, due 
acknowledgment of which is given' in the text. He is greatly 
indebted to Ms. E. R. Bolton and to Mr C. A. Mitchell ; to 
Mr A. W. Knapp ^or reading the MS. of the cl\apte»on ^acao 
Butter and for ftiany valuable suggestions, and to Mr J. A. L. 
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Sutcliffe for assistance in several of the chapters, especially those 
on Drying Oils, Cotton-Seed Oil, and Sesame Oil. He is further 
indebted to his colleague, Mr J. R. St^^bbs, for many suggestions 
and for invaluable help in the correction of the proofs. 

The preparation of the typescript for the printer was under- 
taken by Mr H. Holden with energy, ability and paipc^alrinff care. 

G. D. E. 

Liverpool, July , 1922 
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CI-TAPTER I 

[NTRODUGTION 

Oils ana lats nave oeen recognised as a class from the vea^r earliest times 
although they wejre mostly so described from their physical appearance 
rather than from any Imowledge of their constitution. It would seem pro- 
bable that the animal ^ts would be the first to be recognised on account of 
their ease of preparation and their existence as by-products in prehistoric 
cookery, whilst in tl»c very earliest records of European civilisation the 
olive, from which olive oil was separated, at first by hand pressure and later 
by crucjp woodep presses, has-been regarded as symbolic of peace and 
plenty.^ 

All dowx* cixw vxx^y have been recognised as of great importance as 
an artjgl^ of diet and have betp an important article of commerce since the 
appearance of the*fir§t Icradifers. As the ^centuries have passed they have 
become of increasing importance until at the present moment the industry 
is world wide, requiring for its transactions vast capital and expenditure, 
and millions of workers. Large tracts of tropical and sub-tropical countries 
are given over to the cultivation of oil seeds from which oils are extracted, 
whilst, particularly in America, millions of animals are slaughtered annually 
to provide — with other products — lard and tallow. 

The distinction between* oils and fats is merely a physical one, oils being 
those oleaginous substances which are fluid at the mean annual temperature, 
whilst those solid at this temperature are called fats. It thus follows that 
what may be an oil irl one* country may be a fat in another. Thus palm oil 
or coconut oil have the consistency of fafS in temperate climates, whilst 
neg^t oils become more or less crystalline before the freezkig-point of water 
is reached. 

The true oils and fats form one large family, all the members of which 
have an analogous composition, vt^hich differs sharply from other substances 
of somewhat similar physical appearance. It has sometimes happened •that 
these deceptive physical properties have led to the givihg of erroneous 
commercial names to such"^bstances, for instance, sperm oil has not the 
chemical composition of an oil, but is one of tne family of waxes, 
whilst japaft-wax is a true fat having a similar composition to lard or 
tallow. • • 

The Classification of Oils and Fats, — V^rioils methods of classification 
have been^ suggested, based upon one or another of their chemical or 
physical properties. The ideal method of Classification has yet to be 
suggested, but, in our present uncertain state of knowledge concerning their 
chemical composition and coistitu^on, that ^ue to Lewkowitsck is prc/Babljj: 
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I. VEGETABLE OILS AND FATS 
A» Vegetable Oils 

1. Drying oils. 

2. Semi-drying oHs — 

(a) Cotton-seed oil group, 

(d) Rape-oil group. 

3. Non-drying oils — 

(a) Almond-oil group. 

(d) Olive-oil group. 

(c) Castor-oil group. 

B. Vegetable Fats 

1. Chaulmoogra-oil group. 

2. Laurel-oil gioup. 

3. Palm-oil group. 

4. Myristica group. 

5. Cacao butter group. 

6. Coconut-fat group. 

7. Dika-fat group. 


II. ANIMAL OILS AND FATS 

A. Animal Oils 

1. Marine animal oils — 

(a) Fish oils. 

(A) Liver oils. 

(r) Blubber oils. 

2. Terrestrial animal oils — 

(a) Semi-drying oils. 

(^) Nbn-drying oils. 

• 

B, Animal Fats 

1. Drying fats. • 

2. Sftmi -drying fats. 

3. Non-dmng^fats — 

(a) mdy fats. 

(b) ^ilk fats. 


The Occurrence and Preparation of Oils \nd Fats. — In i^ture oils and fats 
occur widely distributed in enormous quantities, whilst me amount under 
cultivation is increased year by year. The vegetable fats pccur, as a rule, in 
the fruits of plants — sometimes in the seed^^s in palm-kernel oil^^ other 
times in the fleshy pericarp as palin oil. Large trd’ct# of country are unSer 
cultivation in various parts of the world for the production of the fruits 
from which the oils are produced — ^linseed, flax, cotton-seed and palm are 
notable examples of these — and each year brings the discovery of new pro- 
ducts which may eventually take an important part in the industry. Animal 
oils and fats, which term, in its widest sense, includes the liver and body oils 
of fish, are obtained in enormous quantities from hogs, sheep and oxen, 
whilst the fish-oil industry produc^ vast amonnts of cod-liver and other 
liver oils and thousands of tons of the oil from seals, whales and other 
sea animals. 

Preparation of Vegetable Oils. — Vegetable *oils 'nearly always occur 
embedded in cells in the pl 3 nt tissue, and some process is, therefore, 
necessary to renlbve the oil from the plant in order to prepare it for use. 
In the earliest times tl^ fe\^ recognised vegetable oils were prepared by 
hand pressure, and later, by crude wooden presses, but at the present time 
oils may be exfVacted by hydraulic pressure, by heat, by grinding, or by the 
use*of volatile solvents. The oils used for technical purposes do not require 
particular care in their preparation, but whereas in edible oils, good colour 
and flavour are ess^tial, the greatest care ha5T;o be taken from the very 
gathering of the seeas. * 

In some cases, and th» amount of oil so produced will doubtless increase 
year by year, \he oil Is expressed from the seeds immediately these are 
gathered, but where this A not the case "great care must be taken in the 
transportation and storage of the seeds so that they are kepj free from 
moisture and also from ligfit. The seeds should also be loosely packed, 
so tljgt no heating action takes place. The flavour 0# the oil may be seriously 
impaired b]f fermentation or^ther changes Occurring in the seed during 
storage. This question of storage 19 receiving nc^v much greater attention 
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than it did in previous years. Several important investigations have been 
instituted by the Food Investigation Committee concerning the storage of 
fish and fruit — it would undoubtedly be an advantage for similar investiga- 
tions to be carried out in regard tcf oil seels. 

Before the actual business of extracting the oil is commenced, the seed 
is cleaned by the use of screens, a screen of fine mesh being used to remove 
particles smaller than the seeds, and one having a mesh slightly larger than 
the seeds which will allow them to pass through, whilst retaining larger 
impurities. It is alsp very usual to pass the seeds over magnets which 
remove any particles of iron which would be deleterious to the machines 
subsequently used. In some cases the outer coating of the seed is removed 
before the oil is extracted ; this process is known as decortication. The 
shells are removed by means of revolving knives, which are^o adjusted that 
they cut ^he^ shell without injuring the kernels. The shells may then be 
removed by a strong air current. 

Oils of the finest flavour are produced by crushing tHfe cleansed seed 
and subjecting it •to ^draulic pressures in the cold, but for inferior and 
non-edible oils a mucff larger yield is obtained by heating the crushed seed 
in a steam-jacketed pan to about i6o°-i8o° and blowing in steam. The 
seed so treated is then moulded into cakes of suitable size and submitted to 
enormous pressures in hydraulic pressJs. In some cases seeds rich in oil 
are pressed first in the cold cj^ld-drawn ** oils) and the residue afterwards 
heated «nd re-plessed. The expressed oils are clarified from turbidity due 
to the^presence of mucilage and albuminous matters by allowing them to 
settle in tanks or by filterii^ through filter-presses ; fuller^s earth being 
f^quftflflly used in the last toperation. Jfi many cases the oils are further 
treated Refinement ”) with special reagents or in a special manner to 
improve their appearance; heating, freezing, oxidation, reduction and 
other processes all having their application (cf. B. Hassel, Jf.S'.C./., 1925, 
44, B640). 

In many cases the residue from the presses, “ oil-cake,” is a valuable 
cattle food, and in such cases the greatest pressures are not used so that 
a reasonable percentage of oil may be left in the “ cakes.” Such cakes are 
sold on the basis of the amount of oiUand albuminoids which they contain. 
The following, among others, are well-known commercial articles : cotton- 
seed cake (decorticated and undecorticated), linseed cake, coconut cake. 

Extraction by solvent gives the largest j^ield of oil blit has some disad- 
vantages owing to the fact that in* the past the cakes so produced were 
poetically useless as feeding-stuffs. This method is chiefly used, therefore, 
in those cases where the pressed cake is no^ suitable for use as a feeding- 
stuff, or where, on account of tjie poor quality of the seed, the production 
of an oil oT good flavour is impossible in any case. It is more than likely, 
however, that the extraction method will find increasing ^use, especially as 
it is not difficult to adjustj^ie extraction in such a way that enough oil is 
left in the cake for feeding-atuff purposes. The solv^ts in general use are 
carbon bisulphide and petroleum ether, whilst carbon tetrachloride and the 
chlor-ethanes and chlor-ethylenes (Westrosol, ^tc.), have been proposed 
more recently, although their comparatively ^igt cost militates against 
their general use, in spite of tfieir obvioul advantages. The extraction is 
carried oA by a process of percolation, the (^ily solution being evaporated, 
the oil recovered, and^the solvent being used “for further extraction. The 
cake can readily be completelv freed from solvent, and is quite as gooc|^ apart 
from the fat question, as exjflfessAl cake, f * • 

Preparation of Aninlkl CHls and Fits , — The body fats of animals may be 
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divided into two main divisions, the internal fat and the superficial fat ; 
the intamuscular fat has often different properties from either. These 
two main divisions are kept separate, as the internal fat is usually considered 
to be the more valuable, lard, for^nstancA, being probably in the first place 
the kidney (or leaf) fat of the hog, although the term now has a much wider 
interpretation. The fat is ** rendered ** in digesters,” large metal boilers, 
by means of steam, edible fats usually being treated at moderately low 
temperatures, but fats intended for commercial purposes are treated with 
superheated steam at high pressures, whereby the^yield is considerably 
increased. By such treatment the oil is freed from the tissues, floats on the 
surface of the condensed water and may be recovered. Various oils are 
treated in more or less special ways — where such are of •interest they will 
be dealt with uifder the individual substances. 



CHAPTE^l 11 

PROPERTIES OF OILS AND FATS 

Oils and fats vary in^ physical appearance from a white, wax-like solid to a 
deep yellow, or even red, somewhat viscous liquid, all of which impart a 
fixed transparent stain to paper? When in the pure condition, freed from 
concomitant impurities, they have practically no odour and little taste. 
The characteristic odours and flavours by which many of the oils and fats 
are known are really produced by substances occurring with the oils, but 
of non-fatty ’chemical constitution. 

Melting-point, — This is one of the most difficult determinations to carry 
out in the examinatio:3 of oils and fats. The practical details are discussed 
in Chapter VIII undel the general methods of examination. The reasons 
for the difficulties there referred to are that oils not being definite chemical 
substances do not melt sharply at some definite temperature, whilst the 
actual crystalline condition of the subst^ce, on which, of course, will depend 
its observed melting-point, wil^ depend upon the manner in which it has 
been stored anij the time that has elapsed since it was last in the liquid 
condition (cf. the two conditions). The melting-points usually given in 
the literature are«open to more or less serious objection, as they are obtained 
b^r varying methods ^ strictly# speaking they are of comparative value only 
and should only be interpreted in terms of other values obtained by the same 
method. It is highly important that a standard method should be univer- 
sally adopted by which all such determinations could be made. Typical 
values for melting-points are given under the individual fats ; they may 
vary between — 30“^ and + 50°. The melting-point of margarine fat is 
an important factor. 

Boiling-point. — Under normal pressures, oils and fats do not boil without 
decomposition — neither are they, yhen freshly prepared, appreciably 
volatile in steam. Caldwell and Hurtley, however, by using the vacuum 
of the cathode lighj (Pr^c. Chem. Soc.^ 1909, 25, 73) have been able to 
subject various oils to fractional distillation without decomposition, and 
have obtained some interesting cesults.* These results, together with 
Ikose'of other workers, will be discussed later under* the general com- 
position of oils and also under the oils in questioiy 

Solubility. — Oils and fets are insoluble in water, and only slightly soluble 
in cold aldohol. Castor oil is an exception to the latter, this property being 
made use of as a test for the oil (cf. page 456). They are soluble to varying 
extents in hot alcohol and liot glac^l acetic acid, tests fdr oils based upon 
these two properties having been devised by Crismer, Valenta and others. 
These tes^ are described under general methods of examination, page 89. 
They are readily soluble in petroleum ether,# ether, chloroform, carbon 
bisulphide, carbon tetrachloride, benzene, the 'chloro-ethanes and the 
chloro-ethylenes, the solubility of these »lat?2r compounds having been 
investigated by Gowing-Scopes (Analyst^ 1910, 35, 238 ; 1914, 39, 

4 and 385). • 

Specific Gravity. — !V 11 oils and fats are less dense than water, their ^ecific 
gravity at 15*5° varying bc%weeii 0*910 apd 0*970 ; the various nfethads 
available for this detelmination are* described in the later sections. Tne 
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temperature for oils is usually 15*5® compared with water at the same tem- 
perature, but varying temperatures are used for fats. These are mentioned in 
the appropriate tables. 

Refractive Index , — The refracti^re indA of oils and fats is better taken at 
40®, as practically all of them are liquid at that temperature. A temperature 
of 25® has been recommended by the International Conference on Food 
Analysis for oils, with a temperature of 40® for all fats not liquid at 25®. 
There seems to be no object in having this dual temperature, as a temperature 
of 40® is equally convenient for both, whilst the u^ of one temperature 
makes it possible to compare the figures for various different substances, at 
the same time making necessary only one Getting of the temperature of the 
refractometer. At 40® the refractive index of edible oils and fats varies 
between 1*448 sfnd 1*474. Where figures in the literature are not given at 
this temperature a correction must be applied to bring the figures to this 
temperature. This has been variously giv^ by different observers. 
Richmond {AnStlyst^ 1907* 32, 44), examining the results of Tolman and 
Munson, Delaine and Leach, gives the most probabk vatue as 0*09038 for 
each degree, the index of refraction rising as the temlcralure falls. Wright 
{y,S,C,I.y 1919, 38, 392T) gives the correction in mrms of a factor. He 
states that the refractive index at 40® can be calculated from that at any other 
temperature by subtracting one frofn the refractive index and multiplying 
the difference by the factor in the following table opposite the temperature 
at which the determination was made, and then adding onl; to the product 
so obtained. 


Table I. —Change in Refractive IndIsx with Temperature 


Temp. °C. 

Factor 

Temp. ‘’C. 

Factor 

15 

. 0*98078 

40 . . . 

1*00000 

15*5 • 

. 0*98116 

41 . . . 

1*00078 

20 

• • 0-98457 

42 . . . 

1*00157 

25 

. . 0*98838 

43 . • • ■ 

1*00236 

26 

. 0*98914 f 

44 . . . 

I 003 14 

27 

. 0*98991 

45 • • • 

1*00393 

28 

. 0*99068 

46 «. . , . 

1*00472 

29 

* 0-99145* 

47 . . . 

1*00552 

30 

. 0*99222 

48 . . . 

1*00631 

31 

• 099299 

49 • * ■ 

1*00710 

32 

• • 0-99377 

50 ... . 

1*00790 

33 

* • 0*99454 

. 51 • ■ . 

I *00870 

34 

• • 0*99532 

52 . . . 

1*00950 

35 

^ . . 0*99610 

53 * • . 

1*01030 

36 

. 0*99687 € 

54 ^ • • • 

1*01110 

37 

• 1 0-99765 

55 ‘ * • . 

1*01190 

38 

• - 0-99843 

60 . . . 

1*01593 

39 

. . 0-$9922 

6s . : . 

1 *02000 

40 

. I * 01 ^ 000 ^ 

.70 - - - 

1*02408 


These factors are criticised by Joseph {y,S,C.J,, 1520, 39, 66T) as being 
unnecessarily complicated*; he advises the factor 0*00036 for each degree, 
wkich does not: compare too favotrably with the’^*00038 given by Richmond! 
The factor is not, of course, quite the‘same for all tils, but a mean figure 
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may be taken as 0-00037 where the correction to be applied is only small. 
Cf. Roberts, Analyst^ 1916, 41, 376 ; Liverseege, ibid,y 1919, 44, 48 ; Rich- 
mond, fftiV/., 1919, 44, 167 ; Thompson, ibid., 1922, 47, 469 ; Harvey, iWd., 
1923, 48, 19 ; Rhodes and Goldsmith, ibid., p. 506. 

The refractive index has been suggested coupled with the melting-point 
as a means of establishing the composition of mixtures of various oils. The 
figures obtained from an examination of a series of mixtures are given by 
Trim (J.S.C.I., 1920, 39, 307T). These tables show in full detail how the 
refractive indices of ipixtures vary with the composition. 

An interesting account of the relation between the refractive index and 
the other constants of oils, particularly the iodine value, is given by Pickering 
and Cowlishaw {J.S.C.L, 1922, 41, 74T). They find that the refractive 
index may be given by the following equation : • 

Wx, = i- 4643— o-oooo66 (S.V.)— 0-0096 (A.V./S.V.) + 0-0001171 (I.V.) 

• 

where S.V., A.V., ^nd I.V. are the saponification value, acidTvalue and iodine 
value respective^. Imrther work on these lines may yield valuable results 
(cf. J. Lund, y.S.C.l\ 1922, 41, 9^A). The chief value, however, to the 
analyst of the refractive index lies in the ease with which the determination 
can be carried out and in the small quantity of oil necessary. In the examina- 
tion of oils and fats the refractive index has definite diagnostic value. 

Optical Activity. — The maj-^rity of oils and fats show very little optical 
activity, the chief exceptions being castor and chaulmoogra oil, neither of 
whiclf, of course, are edible, except the former in the medicinal sense. 
Lewkowitsch haS, however, 4)ointed out that when a new fat appeared on 
tire riiiffket under* tht name of “ Mdrott^Oil,’’ which had been used in the 
manufacture of margarine and produced toxic effects, the optical rotation of 
a sample of the margarine at once enabled the cause of the trouble to be 
traced. He adds that it seems advisable, therefore, not to omit the examina- 
tion of new oils and fats for optical activity, as it is not unlikely that a larger 
number of optically active fats may occur in nature than has been observed 
hitherto. 

The optical activity of most of the oils is due to the presence of small 
quantities of such optically active subetances as the sterols, but that of those 
oils having a high value is due to the presence of optically active glycerides. 
Full details of all these will be found in the appropriate places. 

Microscopic Appearance. — Oils and fats, are not gene Ally examined under 
^e rnicroscope, but various special* methods of examinaUon for lard, butter, 
ojconut oil, etc., are somewhat valuable and will be mund mentioned in 
their respective places.^ The methods, iiowever, require very careful 
technique^and the results obtained must be treated with more or less suspicion 
unless the operator has had very considerable experience. 

Viscosity. — The viscosity of an oil is not of any great iipportance from the 
point of view of the exar^ination of edible oils, but for those oils likely or 
destined to be used as lubricants it is of the greatest ^alue. It is not usual 
in commercial transactions to express the viscosity, of oils in absolute units, 
but to give comparative results which have beefl oj^tained j^y some standard 
instrument, such as the Redwood Viscosim^teif, the use of which is described 
in Chapter VIII, page 102. Castor oil has a very high viscosity as compared 
with the ?>ther seed oils, all of which give figares of a similar order, though 
they have considerable variation among themselves. 

Rancidity.* — Most oils ^gd fats after they have been kept^for sonsrfi*time 

* Cf. articles by T. JV. Jones (Chpnistry and Industry, 19241 43 » 1258), and 
W. C. Powick (J.O.F.I,, 1924, I, 63). 
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develop an objectionable odour and taste — such oils are said to be rancid. 
A vast amount of work has been devoted to the elucidation of this change, 
but even now it cannot be said that the phenomenon is at all thoroughly 
understood. Lewkowitsch ascribes the •primary cause of rancidity, the 
formation of free fatty acids, to the action of moisture in the presence of 
soluble ferments, enzymes, which act as catalysts. The presence of free 
fatty acids, however, does not alone produce rancidity, and there is now no 
doubt that more fundamental changes take place before the oil becomes 
definitely rancid. In a recent paper, Bevis (J.S.CJ., 1923, 42, 417T) 
summed up the present state of our knowledge in the following way : “ Most 
investigators agree that the action of air is eSsential in promoting the decom- 
position. Lewkowitsch (J. 5 .C./., 1903, 22, 68) defines as rancid those 
oils and fats the*free acids of which have been oxidised by the oxygen of the 
air in the presence of light. On the other hand, Wagner, Walker and 
Oestermann (J,S.C.Lf 1913, 32, 759) found thajfats kept in arf atmosphere 
of nitrogen for*two years and exposed to the light, became rancid, and 
concluded that light is the determining factor in the development of ran- 
cidity. D. C. Dyer (J. Agri. Res., 1916, 6, 927) analysed the air contained 
in butter before and after cold storage and found tmt the oxygen content 
decreased and the carbon dioxide content increased, indicating oxidation 
changes in the fat. The quantity 1 )f carbon dioxide found was directly 
proportional to the amount of non-fatty m^erial present in the butter, and 
the conclusion was drawn that the unpleasant flavours of mncid buj^er are 
produced by the oxidation, not of the fat itself, but of the non-fafcty in- 
gredients. W. N. Stokoe (J.S.C.I., 1921, 40, 75T) in » work on butter 
and margarine fats, concluded tjjat mncidili* js du^ tq the products pf 
oxidation and hydrolysis, the chief factors being moisture, light and air, 
assisted by traces of lipolytic enzymes which may be present in the fat, 
Scala (Gazs. Chim, Ital , 1908, 38, 307) isolated the decomposition products 
of rancid fat, and by oxidation with potassium permanganate was able to 
obtain acids which were separated by means of their barium salts. These 
acids w’ere identified as ocnanthylic, pelargonic, butyric, caprylic and capric 
acids, and the conclusion was drawn that rancidity is caused by the presence 
in the fat of the aldehydes corresponding to these acids. It is on the presence 
of these oxidisable aldehydes that the (chemical) tests for rancidity depend. 
Most investigators agree that the decomposition, proceeds in two stages, 
(i) hydrolysis of the glycerides and consequent formation of free fatty acid 
and glycerol, and (2) oxidation 6f the acid and glycerol thus formed and 
interaction of the cAidation products, the resulting compounds being respoi^* 
sible for the unpleasant ta#te aqd odour of rancid fat. 

The author has shown that, in the case of very bid samples of cotton-seed 
oil and fish oil^ a quantity of volatile acids was produced, the samples 
having Reichert values of 4-6-ii-i, the value being fairly proportional to 
the acidity {Year-Book of Pharmacy, ^13, 573^^ but these samples were, 
unfortunately, not further examined. It is iqjeresting to note that the 
Polenske value had only increased slightly. 

Bevis {loc. cit.), as the fesult of a further investigation on animal fats, 
reaches the folfowing tondusions : “ i. Light greatly accelerates the 
decomposition of fat at ordmarj^ temperatures. 2. The presence of free 
oleic acid increases the rate of formation of the compounds causing the 
Kreis reaction, whilst free glycerin has practically no effect thereon. 3, 
Incrs^je in free fatty acidity has no relation to the Intensity of the Kreis 
reaction. 4. The Kreis reactioi% estimates® sorift compounds which are not 
determined by the Issoglio oxidation method. 5. The appearance of mould 
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in a fat is accompanied by a marked increase in free fatty acidity. 6. The 
colouring matter of fats seems to play some part in their decomposition.” 
In regard to this last statement it may be pointed out that as pure glycerides 
are colourless, the bleaching actiSn of ll^ht upon oils must be due to the 
effect on the colouring matter present in the oil. 

Chemical tests for rancidity are not really necessary, as the taste and 
smell are quite sufficient, except for purposes of quantitative comparison. 
The modifications due to Kerr (J. Ind. & Eng, Chem., 1918, 10, 471) of the 
methods of Kreis ai;d Issoglio are, however, added here for the sake of 
completeness. 

The Kreis test is performed l?y diluting the oil with non-reacting kerosene 
and recording the limiting degree of dilution at which the red colouration is 
still produced when 10 c.c. of the mixture is shaken with 10 c.c. of con- 
centrated hydrochloric acid, and the mixture then shaken with 10 c.c. of 
a 0*1 per cent, of phloroglupnol in ether. 

The Issoglio test as modified by Kerr and by Bevis i 3 carried out by 
heating 25 grams'df the fat with 100 c.c. of distilled water for two hours at 
100°, with constant slaking, and then filtering through a wet filter-paper. 
The filtrate is made to 100 c.c. and 10 c.c. is oxidised by boiling for five 
minutes with a known volume of N/ioo permanganate. The flask is 
cooled, the same volume of N/ioo cfsalic acid containing sulphuric acid 
added and then titrated with. N/ioo permanganate. The oxidisability 
value ii expressed as the number of milligrams of oxygen required to oxidise 
the vmter-soluble material in 100 grams of the fat. 

Bevis considers the Kreis^test to be more sensitive than the Issoglio test. 
••‘Fnm the above .descriptitbn of the present state of our knowledge in 
regard to the rancidity of oils, it will be seen that the best method of storage 
is to exclude light, moisture and air as far as possible, and to keep the 
temperature low. It is also important to start with the material as nearly 
sterile as possible, and to prevent the entry of all types of micro-organisms. 
The special case of butter and margarine in which non-fatty substances 
form an appreciable proportion of the whole, will be dealt with under these 
headings. Cf. H. E. Fierz-David, y,S,CJ., 1925, 44, B105 ; T. von 
Fellenberg, ibid.^ p. B179 ; A. Azadian, ibid., p. B679. 

Drying — Oxygen Absorption . — In the classification given on page 2, 
the oils and fats ar^ divided into two main classes, drying and non-drying, 
with an intermediate class described as semi-drying ; the meaning of these 
terms must now be discussed. • * 

^ When oils of the class described as drying oils, of which linseed oil is a 
typical example, are exposed to the air, eitfipr in^he presence or absence of 
light, they become thicker, whjlst after a time a skin forms on the surface 
which is fnore or less elastic ; this skin gradually becoirfes thicker as the 
exposure is continued. The usual method of showing this property is to 
spread a thin film on squares of perfectly clean glass, allow the plates to 
stand on their edge for a short time to drain, and theyi to leave the films so 
obtained ^posed to the air under standard conditions — say in an incubator 
at 21®, in which is placed a basin containing ^J^iter, so that the atmosphere 
may be saturated with moisture — and observing fhe appearance from time 
to time. The films so prepared are (in the base Of good drying oils containing 
no adultftants) more or less elastic and transparent, and not only insoluble 
in water and alcohol, as the original oils are, but are also only very slightly 
soluble in ether. This latter property has been ijiade use of by Elsdnjjj and 
Hawley {Analyst^ I9i3» 3^? 3)* as a quantitative measure •of the drying 
power, and as a methoS for detecting adulteration ; it is described in a later 
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section. The non-drying oils under similar conditions remain practically 
unchanged, whilst the semi-drying oils occupy an intermediate position. 

This property is much hastened by the presence of various substances 
such as litharge, manganese resirftte, et(f., technically known as “ driers," 
and for this reason they are added to paints, varnishes, boiled oils, etc., to 
promote the speedy production of a film. This fact is further made use 
of in some of the quantitative methods for the determination of oxidation 
which are described later. The chemistry of the drying oils, with par- 
ticular reference to the constitution of linoxyn, hag been considered at 
length by G. W. Ellis (y.S.C.L, 1925, 44, 401T, 463T, 469T, 486T) ; cf. 
also The Chemistry of Drying O//5, Morrell & Wood. London : 
Ernest Benn, Ltd. 

This power bf drying, or of oxidation, is intimately connected with the 
power of absorbing iodine which is discussed later ; the further elaboration 
of the causes is discussed in the next paragraph. Cf. " The Autoxidation 
of Fats, etc.," A. Tschirch, 1925, 44, B251, and “ The Polymerisa- 

tion of Fatty Oils," J. Marcusson, ihid,^ p. B250, and II. Wolff, ibid.^ p. 290. 
“ The Measurement of the Susceptibility of Fats •) Oxidation," Green- 
bank and Holm, Analyst, ^ 9 ^ 5 > 50* 463. 

Halogen Absorption, — Some of the radicles of the fatty acids contained 
in the glycerides of fats are unsaturited — the typical example is oleic acid, 
which is described on page 32. Under .these circumstances it will be 
naturally assumed that, following the example of the sinfple unsalurated 
compounds, these glycerides will be capable of combining with halogens ; 
this has been found to be the case to a greater ^r less extent. In the case of 
chlorine and bromine the combination (substilfation ^ilsQ taJces place) iS’dir jet 
and often violent (cf. bromine thermal value, page 37), in the case of iodine, 
the direct reaction is nearly always slow and incomplete, but by means of 
adding mercuric chloride to an alcoholic solution of iodine, quantitative 
results may be obtained (cf. iodine value, page 137). 

Although the reaction may at first sight appear to be a simple one, yet, 
as a matter of fact, it seems to be most complex. Many workers have put 
forward theories to account, for example, for the r61e played by the mercuric 
chloride in the Hubl solution, and fo* these the reader may be referred to 
the following papers : Wijs, J.S.C.L, 1898, 17, 698 ; Ingle, ibid,, 1902, 
21 , 587 ; 1904, 23, 422 ; 1908, 27, 314 ; 1913, 3c, 639 ; 1919, 38, loiT. 
The subject has recently been taken up again by B. M. Margosches and his 
collaborators, who have published a series of papers {ibid,, 1924, 43, B341, 
B564, B680, B7I9,^B877) on various aspects of the iodine value ; this wortf 
is being continued. • « 

Oils as Solvents. — A large number of su Instances arc soluble to a greater 
or less extent in* oils, whilst many organic liquids are miscible ‘therewith 
in all proportions.. 

Gases are soluble to some extent. •According to the determinations of 
Vernon {Proc, Roy, iSoc., 1907, 78, B366*) 10& c.c. of oils will dissolve 
2*3 c.c. of oxygen, 5-2 c.c. of nitrogen or 0*2 c.c. of carbon diojyde. The 
nature of the oil does not Appear to have much effect on the solubility, 
whilst at the two temperature used, namely 15° and about 40^^, the figures 
are almost identical. 

Camphor is readily soluble in liquid oils, the Linimentum Camphorte 
of the British Pharmacopoeia oeingr a 20 oer cent, solution by weight of 
campias^r in olive oil. 

• • 


Analyst, 190^, 32, 381. 
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Phosphorus is also moderately soluble in many of the fixed oils. The 
Oleum Phosphoratum of the British Pharmacopceia contains i per cent, 
by weight of phosphorus dissolved in almond oil and flavoured with i 
per cent, of oil of lemon. • • 

The solubility of iodine in oils is greatly complicated by the combina- 
tion of the solute with the solvent, a subject which is dealt with under iodine 
value on page 137. Iodine does dissolve to a certain extent in the oil, but it 
immediately commences to combine, either by addition or substitution 
(almost entirely by the former) so that it is impossible to determine the actual 
solubility. Iodine ointment of the British Pharmacopoeia usually contains 
about 3 per cent, of free iodine 'and about i per cent, of combined iodine, 
although it is actually prepared by the addition of 4 per cent, of iodine. 

General Variation in Properties . — It is possibly quite* unnecessary to 
remind the worker in the field of fats that the properties of one particular 
member are not the properties of one definite substance, but that they are 
the mean of the properties of the various glycerides of whioh they are com- 
posed. As, therefbre, a fat is not a substance of definite composition it 
follows (almost logically and certainly practically) that the properties of oils 
from various similar Purees, although very much alike, are not identical, 
and vary according to differences in the variety of the plant, the climate, 
the soil and the method of cultivation.* That these differences occur is not 
surprising, rather is it a matter for wonder (and congratulation) that they 
arc n(g greater, although this general agreement rather accentuates the 
occasjpnal divergencies. These divergencies, although they undoubtedly 
do occur, are nqt very frequent, and for ordinary work must be ignored 
and airerage figu^jcs assumed# and worked to. The industrial chemist is, 
frequently, in a much l)etter position in this connection than the public 
analyst, as the former has the privilege of returning a sample as “ adulterated 
or abnormal,** whilst for the latter the “ abnormal ** class is not supposed to 
exist ; the public analyst, therefore, will be wise to report genuine ** 
until he is morally certain that adulteration has taken place. 
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The particular nature of fixed oils and fats was first elucidated by Chevreul, 
in the second decade of the nineteenth century, whb, by a long series of 
experiments, showed that they were compounds of glycerol with organic 
acids having for the most part a straight carbon chain. Glycerol is, of course, 
a trihydric alcohol, so that it is possible for three molecules of the acid 
(called a fatty acid for obvious reasons) to combine with each molecule of 
glycerol in the following way, R standing for one radicle of fatty acid, 

CH,OR 

I 

CHOR 

I 

CHoOR. 


For many years it was more or less assumed that the three molecules of 
fatty acid attached to the same glycerol molecule were simifar, and rtiat the 
simple glycerides (as such are called) were merely mixed together fn the 
fats. It is obvious, how^ever, that mixed glycerides may bfe found, and that 
the following formations, which may be coi^^eniently described asVulSPd 
triglycerides, are possible ; 

(a) CH.ORa CH^-ORi CH^-ORi CII,-OR, CHo-ORi 

I I 1 I “ I “ 

{ 13 ) CH*ORi CHOR, CH-OR, CIIORi CHOR3 

I I I I I 

(y) CH 2 OR 2 CHa'OR. CH,0R3 CH^-ORg CH^OR,. 

The positions of the acid groups are characterised by the use of the 
letters a, (3 and y, as shown in the table. , * » 

Although the tj^ossibilily of mixed glycerides liad been discussed 
previously, the first expcrimenta^ evidcRce of their probable existence was 
obtained in the ca^e of butter fat. Tributyrin is quite readily soluble 
alcohol, and ytt it is not jpossible to extract any from butter by treatment 
with alcohol, pointing to the fact that no tributyrirf is present, and, therefore, 
that the contained butyric acid forms part of*a mixed glyceride or glycerides. 
The Svidence for the existence of such glycerides in natural fats has been 
largely increased of late years, and there seems little doubt now but that 
mixed glycerides constitute the bulk of the fats, ^d that simple triglycerides 
are present in relatively small quantities. A number of such mixed glycerides 
have been prepared synthdtically, but the number isolate from natural 
sources has rapidly increased^ and is shown, for example, in the articles on 
coconut oil on page 330, pahn-kefncl oil on page 344, lard on page 360. 

When glycerides are treated in a variety of ways they split up into 
glycerol, and the free fatty aftds, or, if alcohols or alkalies are used, the 
appijggriate salts of the acids. This change may be sRown by the following 
cc;;iation where R represents a iodide of fitty-iPcid and X a positive mono- 
i^alent radicle. p 
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CH»-OR 

X-OH 

CH,OH 

1 

R-OX 

1 

CH,-OR 

1 

+ bC-OH 

= CH OH + 

j 

R-OX 

CH,-OR 

X-OH* 

* CH,OH 

R-OX 


Geitel and Lewkowitsch have deduced some evidence to show that the 
reaction takes place in stages, and that each glyceride loses one acid radicle 
before the second an(^ third are touched, but E. F. Armstrong and Allan 
(y,S,CJ.y 1924, 43, 209T), report work by Moore which goes to show that 
trilaurin, at least, is changed at the same rate as monolaurin, and that the 
hydrolysis does not take place in stages. This problem can hardly yet be 
looked upon as being settled ; it is still a matter of considerable controversy 
and further work is required to settle the matter. 

The decomposition as giyen above can be carried out in a variety of 
ways and with many reagents, these include steam under {)ressure, acids 
and alkalies, and alcohols. Although the action of steam has not received 
any extended use in p^yactice, the action is considerable with pressures of 
five atmospheres and over. (Kliment, cf. Lascaray and Bergell, J.S.C.I.y 
1925, 44, B179, B889.) The action of hydrochloric acid has been studied by 
Lewkowitsch (j.S.C.I* 1903, 22, 67), but has apparently not been used on 
the commercial scale. The following table contains some of the results of 
Lewko\wtsch. 


11. riIL»KUl-IM& Ur WlLb AJNL> FaTS BY MEANS of 

Hydrochloric Acid 

Sp. Gr. I *16 (Lewkowitsch) 

100 grins, of Oil or Fat and 100 c.c. of Acid ; fresh acid 
used after each sample had been taken. 


Oil or Fat. 

• 

Original acid 
value. 

• 

2 lirs. 

— _ 

7 hrs. 

Acid values after 

. * 

1 2 hrs. 1 6 hrs. 20 hr 3. 

^ 1 

' 24 hrs. 

1 Acid value 
of completely- 
hydrolysed 
Oil or Fat. 

Cotton-seed*. 

0*35 

18-42 

79-^ 

* Ii 6-2 

144-9 

164-8 

1 

' 175-8 

202 

Whale . . 

6-01 

26-69 

I0I-3 

142-7 

162-3 

172-0 



Rape 

2-i6 

19-66 

75-06 

107-2 

127-3 

140-3 

151-8 


Lard . . 

1-25 

14-51 

, 84-78 

139-8 

152-1 

i68;0 

177-0 

201 

Tallow . 

ii-iS 

43-39 

112-5 1 

153*2 

173-3 

1,83-3 

186-8 

200 

Coco-nut ? 

187s 

79-73 

184-2 

221*4 

233-4 

241 -I 

250-1 

260 

Castor . 

1*22 

44-4 

47'3 1 

51*4 

, 47 i 9 

■46-8 

41-64 

190 




Concentrated sulphuric acid at temperatures above the boiling-point of 
water acts very rapidly as the >fpllo^ing results by Lewkowitsch (Oilsy iTits 
and Waxes, 5th Edit. Vol., 1 , page 84) show. ^ 
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Tablb III. — ^Tallow Hydrolysed with 4 per cent, of Concentrated 
Sulphuric Acid at 120° C. (Lewkowitsch) 

, Product contained free 

• ♦ fatty acids per cent. 


Sample taken after i 

hour’s steaming 

42*1 

tt »i 

„ 2 


»> 

65*1 

»> >» 

»> 3 


>> 

79*3 

>> >» 

M 4 

>» 

»> 

837 

»» »» 

» 5 

>» 

»> 

^8*6 

>1 n 

6 

>> 

>> 

91*7 

>» l» 

.. 7 

>» 

»> 

91*7 

»» l» 

»» 8 

9 ) 

*9 

92*3 

»» 1 J 

1. 9 


9 » 

93*0 


The rate of hydrolysis can be further hastened by using the Twitchell 
reagent (English patent 4741 of 1898) which consists of a sulpho-aromatic 
compound produced from naphthalene. The author Is indebted to War- 
burton for the following method of preparation of t||is reagent : 

100 parts by weight of oleic acid are placed in a dry vessel with 30 
parts of naphthalene, the mixture being warmed until solution takes 
place. 

It is then cooled to about 120° F. by continuous stirring in order to 
prevent the naphthalene settling out in a solid mass at the* bottom. 
At that temperature the naphthalene will. crystallise in very fine fleedles, 
but this is of no consequence, as it di^dves readiljf in the acidif the 
mass is well stirred. • • • • — 

300 parts by weight of sulphuric acid of 66 Be. containing 99*2 per 
cent, of H2SO4 are then weighed off. This should be checked by 
analysis, as an acid of the same specific gravity, namely 1*8400, may 
only contain 95 per cent. H2SO4. 

The acid is run in at first drop by drop as long as a violent reaction 
takes place (afterwards it may be run in a little quicker), and the mixture 
kept constantly agitated. 

The temperature should be k^pt below 120° F.,if it is allowed to rise 
to 130° F. or higher the efficiency of the reagent as a fat splitter is 
impaired. • * • 

When all the acid is ru« in, ^he mixture is poured into twice the 
volume of c%ld water, well stirred, and allowed to settle out overnight ; 
after standing, the reagent will appear as a thick layer on the top of me 
water, and the clear aquCous layer may be •drawn off. The product is 
then ready for use. The reagent should not be washed agajn, as a trace 
• of acid is essential to its rapid action. 

The conditions of the reaction ire discussed by O. Steiner, J,S,CJ., 
1925, 44, B138. • • 

The acids as describe;^ above act for the most part merely* as catalysts, 
and it has be*n discovered that many seeds contain organised catalysts or 
enzymes which hydrolyse tne dils occurring there before they are assimilated 
by the young plant. It is quite possible to isolate these enzj^es (lipase) 
and bring about the hydrolysis of oils on the commercial scale by means of a 
wtoe powder which can be kept for a considerably length of time without 
detlSrioratiosi. This method ^as been wor|^ out by several investigators, 
and reference may be made to the Jfollowing papers : 1904, 23, 
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327, 942; 1910, 29. 1259; 1912, 31, 884, 1084; 1920, 39, 340A. Sud- 
borough, Watson and Varma (y,S.CJ., 1920, 39, 340A), found that by using 
four parts of crushed castor-seed, 100 parts of oil to be hydrolysed, and 0*2 
part of manganous sulphate, 90 t(f 95 per cent, of the oil is hydrolised in 
48 hours. In order to bring about the rapid action of the enzyme it is 
desirable that the oils be very thoroughly emulsified. As is the case with 
other catalytic reactions, the process is reversible. {J.S.CJ,, 1911, 30, 433, 
633» 139s ; 1925^ 44* B290.) 

The most important method of hydrolysis or saponification is by means 
of bases — the most common laboratory method is with soda or potash, 
although on the commercial scale lime is largely used. The reaction 
proceeds according to the following equation. 

CH2OR KOH OH KOR 

in OR + k6h = CH— OH + koh^ 

1 • I 

• CHjOR • KOH CHa— OH KOR 

The amount of potash absorbed in this reaction is a valuable method 
used in the analytical examinations of oil%, and is fully described on page 116. 
When alcoholic potash is used in place of aqueous potash the final reaction 
is the same in those cases where the amount of potash present is greater than 
that required to combine with the fatty acids, but where only small quantities 
of potash are present the reaction takes a different course, or rather, stops 
at an earlier stage? with formation of the esters of the fatty acids according 
to tilt' following eqilatitnjdn the case of ethyl alcohol. 

CH2OR CaHsOH CHa-OH ROC2H5. 

1 I 

CHOR + C2H5OII CHOH ROC2H5. 

I V I 

Cris-OR CsHsOH CH2OH ROCiiHt. 

In these cases the alkali appears to act as a catalyst, and the same reaction 

may be brought about by the use of hi^drochloric, sulphuric or phenol-sul- 
phonic acids. -On these reactions is based the^ method of alcoholysis first 
proposed by Hlaller and described on page 51. 

In addition to the glycerides which usually constitute well over 95 per 
c^t. of the oil, various other substances may be present^such as lecithin, 
complex alcohols, etc. Lecithin is a complex compound containing 
phosphorus, having two fatty acid radicles, and one*radicle containing phos- 
phoric acid fombined with a molecule of glycerin, and may be looked upon 
as a triglyceride in which one of the fatty acid radicles has been replaced 
by a complex organic base containing phosphoric acid. The following 
formula represents the constitution of i5ne of these bodies of which a number 
from different sources are kndwn. 


CHa'COOCxsHsi 

I 

HCOOGi,H35 

OH 

ULO-Pf O 

^ \OCH3CH 




’ 7N(CHa)3. 

• HQ/ 
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Lecithin is soluble in alcohol and may be recrystallised therefrom at 
suitable strengths. It is insoluble in acetone and various esters such as ethyl 
acetate. The amount of lecithin present in a sample of oil may be deter- 
minded from the amount of phosphorus present, the factor usually used, 
being PjOs x 11*37 = lecithin ; where this method is used allowance must 
be made for the amount of phosphorus present as mineral phosphates (cf. 
E. Boedtker, 1925, 44, B728). Maize oil contains by far the largest 

amount of lecithin of any of the seed oils, well over one per cent, being 
usually present — an equally large, or possibly larger jjroportion, is contained 
in bone marrow. For synthetic lecithin see Levene and Rolf, JS.CJ.y 
1924, 43, B888. 

Waxes differ from fats in that in the former the glycerol of the fats is 
replaced by mOnohydric alcohols of high molecular weight, thus spermaceti 
contains cetyl alcohol, and beeswax contains melissyl alcohol, 

CsoHei'OH. Dihydric alcohols occasionally pccur in small quantities in 
some waxes. Alcohols of high molecular weight also exist in small quan- 
tities in fats. Cholesterol, CjTH^eO occurs free in all animal fats, whilst 
phytosterols of somewhat varying composition occur in vegetable oils. 
The difference in the melting-points of these two substances and particu- 
larly in those of their acetates is the basis of a means of the differentiation 
of animal and vegetable oils. Thef properties of thef sterols and their salts 
arc given on page 40; details of the phytosteryl acetate method are given 
on page 124. 



CHAPTER IV 


PROPERTIES OF INDIVIDUAL GLYCERIDES, ACIDS 
AND ALCOHOLS 

.. Glycerides 

The glycerides present in oils and fats, at least before rancidity sets in, are 
almost entirely triglycerides, so that the mono and digly(3erides known 
have nearly all been obtained by synthetic methods. The a mono-glycerides 
are somewhat readily synthesised by heating monochlor-hydrin with the 
sodium salt of the fatty acid in question, whilst the j9 monogfycerides have 
been prepared by using dichlorhydrin and removing chloro derivatives by 
the action of silver nitrite. 

The diglycerides are prepared by heating one molecule of dichlorhydrin 
and two molecules of the sodium salt of the fatty acid concerned. The 
diglycerides can exist, !ls explained abo\%, in two forms, the symmetrical 
and the unsymmetrical. 

The simple triglycerides may be prepared by heating together the sodium 


Table IV.- 

• • ^ 


-Pi^PERTiES OF Triglycerides 


Triglyccriae. 


Triformin . . 

Triace tin . 
Tributyrin . 
Trivalerin . 
Tricaproin . . 

T^caprylin 
Tncaprin . . 

Trilaurin . 
Trimyristin., . 
Tripalmitin. . 
Tristearin . . 

Triarachin . . 

Tricerotin . 
Trimelissin • . 
Triolein . . 

Trierucin . . 

Triricinoleia . 
Trilinolein . . 

Trilinolenin 
Triclupanodonin 


mu la. 

Alolecular 

Weight. 

Specific 

Gravity. 

B.P. 

°C. 

M.P. 

"C. 

•0), 

176 

1-3200/18 

266 

18 

:oo). 

218 

1-1603/15 

258 

. . 

:oo), 

302 

1-0324/^“ 

287 


C 00)3 

344 

• 


. . 

CO 0 ) 3 . 

.386 

•9817/7- 


-25 

COO)* 

470 

•9540/^ 


8 

•COO)* 

554 

•9205/7 


31 

,C00)3 

038 

•8944/?- 


45 

•COO)* 

722 

•8848/7- 


56 

•COO)* 

806 

•8657/7 


63* 

i-COO)* 

890 

•8621/-7 


71 '6 

,C 00 )** 

974 

. . 


. . 

•COO)* 

1226 

t 


77 

,C 00 )* 

1394 

•• 


89 

•COO)* 

884, 

•900/15 

• . . 

S.P. - 

i-COO)* 

•052 



31 

rOHCOO)* 

932 

•959/15 



•COO)* 

8>8 



, , 

,C 00 )* 

872 

. . 


, 

,<i 3 -C>)s 

• 

g 66 

• • 

• • 

• 


17 



EDIBLE OILS AND FATS 


iS 

salts of the fatty acids with tribromhydrin. Those that have been isolated 
or prepared synthetically are arranged in a table above, together with their 
properties. 

It has been explained above that nStural oils contain very few simple 
triglycerides, and that the bulk of them is composed of mixed triglycerides 
of various kinds. A number of such compounds have been isolated from 
various fats, whilst others have been prepared synthetically by various 
processes. It is by no means easy to fix definitely the structure of such 
mixed glycerides, and even the use of acetone glycerol for their synthesis, 
as suggested by Fischer, is not always successful, as the molecules frequently 
rearrange themselves owing to wandering of the fatty acid radicle and thus 
uncertainty is introduced. Bergmann has lately introduced the substance 
2-phenvl-5-hy*droxymet^hyloxazolidine as reported by E. F. Armstrong and 
Allan (J,S,C.L, 1924, 43, 209T). 

HOCHoCIICH^-NH 

1 1 

O CHC0H5. 

This has but one alcohol grou^ available for glyceride formation so that 
the monoglyceride will readily he formed. This compound when formed 
can be hydrolysed to benzaldchyde and aminopropylcneglycol,^ when a 
further fatty acid radicle may be introduced and, finally, the use o^nitrous 
acid will decompose this last compound with liberation ^f a third hydroxy 
group from which the triglyceride of known rfi ucture^ai\ readily be pjifijiared. 

The nature of these reactions is shown in the following series of formulae : 

HN CHC,lh HN— CHQHs HNII HNH 

I I I 

CII, CH, CH.. 

X-OH I Acid I X'OIl I 

CH O O > CH— OH ->CH— OX' 

1 1*1 I 

CH2OH CH2OX CHjOX CIlj— OX 

« 

HNO * X"OH . 

> CHjOy CILOJC" 

j I 

CH— OX' ’ • CH— OX' 

I I 

CHj— OX CH,— OX 

Further work on somewhat similar lines l^s been carried out by Irvine 
for the Food Investigation Board (F./.B., 1923, 6, 8, 65). 

The propejrties of a number of mixed triglycerides arc given in the table 
below. The structure* assign^ to these by the w^orkers who have prepared 
them (mostly Grun and bis co-workers) is given in each case although there 
is still considerable doubt about many of them. It is most desirable that 
all those glycerides likely td be found in natural fats should be prepared by 
JWe such method as that of Bergmann (v.s^) and^their properties carefully 
• studied so fhat it will be possfble to det^mitie with certainty the constitution 
of those isolated from natural sourcA. 
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Table V.— Properties of Mixed Triglycerides 


Mixed Triglycerides. 

• M. Pt. 

°C. 

B. Pt. 

@ Pressure. 

“C. 

Other 

Properties. 

fl-Aceto-jS-^y-diformin . . . 


157 @ 27 mm. 


jS-Aceto-fl-^Mlibutyrin^ . . . 


289-290 @ 

«D*® = I'4262 



760 mm. 


j8-Aceto-a-^-dilaurin . . . 




j8-Aceto-fl-^-dimyristin . . 

41 •5-46-5 



a“Aceto-j3-;y-dipalmitin 

67 

• 


j8-Aceto-fl-3'-dipalmitin . . 

49 


solidified @ 

• 



29 

a-Aceto~j3“3;-distearin . . . 

44 



/3-Aceto-a-jy-distearfn . » . . 

56-5 



)3-Lauro-a-j^-dimyristin . . 

46-5 



rz-Lauro-j^-y-dimyristin . . 

45 



a-Myristo-^-j'-dilaurin . . 




jS-Myristo-fl-jy-di laurin 

32 



a-Stearo-j3-^-dilaurin . . . 

46 



/9-Stear(^fl-y^-dilaurin . 

37-5 



ei-Laug)-jS-^-distearin . . . 

52-5 



jS-Lauro-ii-j'-dist^^rin . . • . 

S3 '5 and 




68-5^ 



«-Lauro-j9"-stearO“3;-myristi n . 

37-3^ 



a-StearO“j9“myristo-;y-laurin . 

48-49 



a-StearO“jS“lauro-3;-myristin . 

42 



fl-Myristo-/3-jy“distearin . . 

52 and 62 



jS-Myristo-a-^z-disteari n 

57 and 




58-8 



fl-Palmito-jS-jy-distearin 

63 


n 1*4396 

jS-Palmito-a-^^-distearin . ' . 

52-2^nd 




62 



a-Stearo-jS-jy-dipdlmit^n 

60 


Wi,i*443o 

jS-Stearo-fl-j-dipalmitin . . 

60 


w, >1*4407 

Stearodipalmitin 

'55 * 



m * 





2. Acids 


The larger proportion by far of the ac contained in fats are tjjose 

ng a straight carbon chain either saturated or more or less unsaturated. 
;w having a ring formation are knqjvn and arc of some importance, but 
occur mostly in the lessor known fats. The proptrtics of the various 
s which have been isolated are given below together with those of their 
important compounds. - For the synthesis of fatty acids from paraffins see 
Marcusson, 1925, 44, B250. For a<i X*-ray*examina!ion cf. 

1924, 125, 2622. The commercial distillation of fatty acids and wool 
grease has been described by G. F. Pickering 1925, 44, 424T). 

t 

Acids with the General Formula, C^HanOg 

With the exception of daturit, t%leric acid^and the possible Sxception of* 
acetic acids, which are saM to occur naturally in one or two fats, the acids 
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naturally present in fats have always an even number of carbon atoms. It 
is quite possible that underlying this fact some important principles will 
be discovered, but up to the present tiqje no really serious endeavours have 
been made to explain it and a large amount of experimental evidence will 
be required before it can be attempted with any certainty. 

Acetic Acid. CH3 COOH 

This acid is said to occur in the oil of argenione mexicana (Bhaduri, 
y.S.CJ.y 1914, 33, 266), in the oil of the Proso millet, Panicum miliacum 
(Dunbar and Binnewies, J.S.CJ.y 1920, 39, 346A), and in cocao butter 
(Knapp, y.tS'.C./., 1923, 42, 508A), but there is still possibly a little doubt 
as to whether the acid does occur naturally in oils and fats. A method 
for the separation of this acid from propionic and butyric acids has been 
suggested byjCrowell {Analyst^ 1918, 43, 172). Cf. page 58. 

Butyric Acid. CH3 (CH2)2*C00H 

Occurs in the milk fat of the cow, sheep, goat, etc. It is absent, or nearly 
so, from human milk fat. When pure it is a colourless liquid with an odour 
resembling acetic acid ; the odour of its aqueous •solution recalls that of 
rancid butter. Sol.Pt. -19". M.Pt.— B.Pt. 163°. 0*959. 

1*3991. It is miscible in all proportions with water, alcohol or tther, but 
much less soluble in salt solution 4 it is freely volatile with steam. « 

A qualitative test for butyric acid has beert proposed Dcniges {Analyst^ 
1918, 43, 145), but Bamford {ibid., 1924, 2^6) haSi found that 4 ius test * 

is not reliable. Moderate quantities may be detected in fats by the smell 
of ethyl butyrate formed when the fat is treated with dilute alcoholic potash 
containing insufficient potash to produce complete saponification. Under 
these circumstances, in the presence of butyric acid, ethyl butyrate will 
be formed, which may be recognised by its odour. 

The salts of butyric acid formed with the alkali metals are soluble in 
water as indeed are the alkali salts of all the fatty acids. The other salts 
that have been studied are given b®low. 

Ammonium butyrate (Falciola, Analyst^ 1911, 36, n^). — A deliquescent 
salt, M.Pt. 7 o°- 85'\ Very soluble in methyl or^in ethyl alcohol or in 
chloroform. Nearly insoluble in ether, acetone or benzene. 

Barium butyrate. — Ba(C4H7t) 2)2*411 gO. The anhydrous salt is soluble in 
water at 15®, 38%lightly less, down to 35, at 100° ; it is soluble in abso^lite 
alcohol 0*13 and in 9^ pei# cent, alcohol 0*17, at ordinary temperatures. 
(Crowell, y. Amer. C.S., 1918, 40, 453). • 

^Calcium butyrate. — Ca(C4H702)2*H20. The anhydrous salt is soluble 
in water at 15^’, 29, but this solubility decreases with rise in temperature 
and the salt is nearly insoluble in b<iiling water. Soluble in alcohol. 

Quinine butyra^ (Phelps and Palmer, J.&.CJ.y 1917, 36, 567). — M.Pt. 
77 * 5 ^ (Uncorr.). Soluble in chloroform 4. 

Silver butyrate. — Ag^H^Og. The solubility in water is 0*49, but this 
is considerably reduced whert excess of silver salt is present — thus Jensen 
found that in N/20 silver nitrate solution the solubility was 0*35. 

Methyl butyrate. — J4, 0*020. B.Pt., 102*"' @ 760 mm. 

Ethyl butyrate, — Sol.Pt. ~8o°. 0*900. B.Pt., 120° @ 760 mm. 

■T'4000. , • 

Derivatives. — Butyric anJiydride, B.Pf 192°. Butyric Amide. M.Pt. 
115°. Butyric toluidide. M.Pt. 74*. Butyric nUphthalide. M.Pt. 120*^. 
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Valeric Acid. CH8(CHa)s-COOH 

The occurrence of valeric acid in the natural state in fats is open to 
question. Its presence in various pits such as dolphin oil, has been reported, 
but the possibility of this being a mixture of butyric and caproic acid is quite 
a strong one and the matter requires to be reinvestigated, although E. Andr6 
{Analyst^ 1924, 49, 533) considers that it is undoubtedly isopropylacetic acid. 
The normal acid is a colourless liquid having an unpleasant rancid odour 
more pronounced than that of butyric acid. Sol.Pt., —19® ; B.Pt., 186®. 
^4, 0*958. Soluble imwater 3*3. 

Methyl valerate. — d — 0*910. B.Pt. 127®. 

Ethyl valerate. — d = 0*894. B.Pt. 145°. 

Caproic Acid. CH3(CH2)4*C00H 

Caproic acid occurs in several fats, the best known of which are butter 
fat and coconut oil. It is probably present also in palm-keriiel oil and other 
oils of the same nafure ; its presence in the oil of the seeds of the evening 
primrose {Oenothera biennis) has also been reported {J.S.C.I.^ I 9 i 9 » 3^1 
426A). Colourless liquid having an odour of sweat. M.Pt., —8®. B.Pt., 
202®. ^4*", 0*924., Wj)*®, 1*4164. Solubility in water 0*9. Volatile in steam. 

Barium caproa/c.— ^Ba(CeHn02)2*2HjO. Soluble in water ii. 

Calcium caproaie. — Ca(CflHii02)2*H20. Soluble in water 4*5, 

Lead caproate. — M.Pt. 73®-74® ; sol. in ether, 1*36 at B.Pt. and in 
petroleum ether (4o®~6o®) 0*06 at B.Pt. 

Silver caproaU. — Soluble in water, 0*089, in N/20 AgNOg, 0*029. 

Strontium capraatck — This ^alt is ii tirncs as soluble in water as strontium 
caprylate. 

Zinc caproate. — Zn (CbHh 02)2*H20. The anhydrous salt is soluble 
in water i at 35®. 

Methyl caproate. — d^, 0*931. B.Pt. 150® at 760 mm. 52® at 15 mm. 

Ethyl caproate. — d^^ 0*889. P-Pt. 167® at 760 mm. 

Derivatives. — Caproic anhydride. B.Pt. 242®. Caproic amide. M.Pt. 
ICO®. Caproic tolmdide. M.Pt. 75®. Caproic naphthalide. M.Pt. 112°. 

. Caprylic Acid. CH3(CIi2)6*COOH 

This acid occurs Si butter fat, in coconut oil and otljer oils of the same 
family such as palm kernel. At o/dinary temperatures it is a colourless 
4 iquid, having an odour of sweat and resembling capjpic acid. Readily 
volatile in steam. Sol. Pt., 12°. M.Pt., 16*5®. B.Pt. 236® at 760; 124® 
at 10 mm. ^4, 0 927, n^?^, 1*4283. Soluble inVater o*o8 at 15°; 0*25 
at 100°. . < 

Ammonium caprylate. — NHiG^IieOg {F2l\q\o\2l, Analyst, 1^11^ 36, •114). 
M.Pt. 70°-85°. Gives a turbid solution in water. May be recrystallised 
from benzene. Soluble in methyl or tthyl alcohols or in chloroform. Spar- 
ingly soluble in ether, carbon bisulphide and chlorofofm. 

Bariuni^caprylate.—y^ 2 i{C^\^js 0 ^ 2 - Soluble ifi watei o*6i 

Cadmium caprylate. — Soluble in water about o*l. • 

Copper caprylate. — Cu(C 8 H 1602)2- CrVstallises from alcohol. M.Pt. 

265®. 

Lead caprylate. — M.Pt. 83*5®-84*5°. Sqjuble in ether 0*09 at 20®, 
0*55 at the B.Pt. Practically insoluble in petroleum ether (40®~6o®) at 20® — 
soluble 0*04 at the B.Pt. • # . 

Silver caprylate. — Soluble m watqr o*oi8, in N/io AgNOg 0*005. * 
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Strontium capry late. —This salt has only one-eleventh the solubility m 
water of strontium caproate (Gsell, Analyst, 1907, 32, 95), 

Methyl capry late. — d^, 0-894. Sol. Pt. —40°. B.Pt. 193*^ at 760 mm., 
95® at 25 mm., and 83° at 15 mm. « 

Ethyl caprylaie. — d^, 0-884. ^ol. Pt. —47®. B.Pt. 207^-208®. 

Derivatives. — Caprylic anhydride. B.Pt. 280^-290® (cf. J.S.C.I., 1925, 
44, B680). Caprylic amide. M.Pt. 97°-98°, Caprylic anilide. M.Pt. 
57°. Caprylic toluidide. M.Pt. 67®. Caprylic naphthalide. M.Pt. 95®. 

Capric Acid. CH8(CH2)g -COOH 

Capric acid occurs in butter fat, to a small extent in coconut and palm- 
kernel oils and, it is stated, in coffee-berry oil. Pavlenko states that the 
fatty acids of dlm-secd oil contain approximately 50 per cent, of this acid ; 
the statement needs confirming. The acid is a white crystalline solid, 
having an odour similar to that of the lower members of the series but less 
pronounced, •M.Pt. 31-3®; B.Pt. 268®~270® at mm., 200° at 100 mm., 
and i53®-i54° at 13 mm. ^4^°, 0-886; 1*4286. * It is practically in- 

soluble in water at ordinary temperatures, soluble about o-i at 100®. 

The barium, calcium and strontium salts of capric acid are very slightly 
soluble in hot water and are practic^ally insoluble in cold water, but they are 
soluble to a certain extent in boiling alcohol. * 

Lead caprafe. — M.Pt. 100®. Soluble in ether 0-03 at 20®, 0*43 at the 
B.Pt. Practically insoluble in petroleum ether (40°’^o®) at 20®#* soluble 
0-017 at the B.Pt. , 

Methyl caprate. — Sol, Pt. —18®. B.Pt. 22^3® at 760 mi?ti., 114 at 15 mm. 

Ethyl caprate. — Jy, 0-862. B.ft. 242®-2^® at ytomm. 

Derivatives. — Capric amide. M.Pt. 108®. Capric anilide. M.Pt. 61®. 
Capric toluidide. M.Pt. 80®. Capric naphthalide. M.Pt. 99®. Capric 
anhydride. M.Pt. 23-9®; Sp. Gr. 0-8596 at 7074®; 1*4234 1925, 

449 B680). 

Lauric Acid, CH3(CH2)jo*COOH 

Kusu fat and tangkallak fat are composed very largely of the glycerides 
of lauric acid whilst notable quantities of this acid are contained in coconut 
and palm-kernel oils and in laurel-ofl and other similar oils. A white solid 
having little odour. M.Pt. 43-6®. B.Pt. at 760 mm., with*slight decomposi- 
tion, about 300®, 2^5® at 100 mm., and 176® at 15 mm. Vf4,2o, 0-083, <^4®^ 0-864, 
Wu®®, 1-4267. Insoluble in cold j^vater,yery slightly soluble in boiling water. 
Somewhat volatile in steam. 

Ammonium laurate (Falciola, Analyst, 1911, 36, 114). M.Pt. about 75^. 
Insoluble in cold water.® Soluble 4-8 in absolute alcohol at 7°, whilst in 
ammoniacal alcohol it is soijible 3-5. Sdiuble in methyl alcohol and hot 
benzene (from which it crystallises) and sparingly soluble in ether and 
acetone. 

Barium laurate. — BaLao. Soluble^'in water o-oo8 at 15-3®, o-oii at 50®. 
Soluble in ethyl alcofiol o-oio at 16-5°, 0-010 at i5®, 0-013 0*007 50°* 

Soluble in methyl aIcohohD-o84 at 15°, 0-096 at 25°*, o-i2i at 35°, 0*163 
50'5®. Soluble in ether 0-007 at 25°. Soluble in amyl alcohol 0-009 at 25® 
(Jacobson and Holmes, 1916, 35, 696. Practically all the solubility 

data following are by the same authors). 

Beryllium laurate . — The salt produced by precipitation of ammonium 
ljUjrate with the calculated proportion of beryllium* nitrate is the basic salt 
leaving the composition Be(OH)La, it SQikble in ethyl alcohol 0*004, 
methyl alcohol 0-050. , ,, 



PROPERTIES OF INDIVIDUAL GLYCERIDES 


23 


Cakhm laurate, — CaLa2*HgO. Soluble in water 0*004 
at 100®. Soluble in al^ol 0*072 at 15°, 2*20 at 78°. 

Cohalt laurate, — CoLaj-HgO. Soluble in water 0*007 15®, *038 at 

ICO®. Soluble in alcoh^o oi 7 at 35°, i* 8 o at 78®. 

Copper /attffl/c.— CuLag. Soluble in water 0*002 at 15®, 0*003 at 100®. 
Soluble in alcohol 0*078 at 15®, 0*65 at 78®. 

Ferric laurate, — FcgLao (OH)3 (J.C.S., 1916, no, i, 314). Soluble in 
chloroform and benzene. 

Lead laurate.— M.Pt. 104*7® (Jacobson and Holmes). 103®- 
104° (Neave). Soluble in water o*oo8. Soluble in alcohol 0*009 at 25®, 
0*032 at 35®, 0*264 at 50®. Soluble in methyl alcohol o*o6i at 15*5°, 0*096 
at 25°, 0*113 at 35®, 0*280 at 50°. Soluble in ether o-oio at *14*5®, 0*021 at 
35®. Practically insoluble in boiling petroleum ether. 

Lithium laurate. — LiLa. M.Pt. 229-2°-229-8°. Soluble in water 0*154 
at i 6*3®, 0*187 at 25®, 0*207 at 35®, 0*280 at 50®. Soluble ia ethyl alcohol 
0*403 at 20°, 0*447 at 25*4®, 0*546 at 35®, 0*782 at 50°, 1*149 at 65°. Soluble 
inmethyl‘alcohol3*i6at 15*2°, 3*77 at 25®, 460 at 34*6®, 6*09 at 50®. Soluble 
in ether o*oii at 15*8®, o*oo6 at 25®. Soluble in amyl alcohol 0*073 at 
16®, 0*1 1 1 at 25*7®, 01 26 a4 35®, 0*203 at 49*2®. Soluble in chloroform 
0*006 at 15*2°. Soluble in amyl acetat^o*o68 at 14*5®, 0*064 at 25®, 0*061 
at 35® and 50®. Soluble in methyl acetate 0*026 at 24*5®. Soluble in 
acetone4)*30o at 15°, 0*376 a£25®, 0*430 at 35®. 

Mg,(*nesium laurate. — MgLa(2H20). M.Pt. anhydrous salt 150*4®. The 
anhydrous salt is soluble in water o*oio at 15®, o*oio at 35®, 0*026 at 50®, 
0*041 at 100®. Soluble in ct%l alcohol 0*519 at 15®, 0*591 at 25°, 0*805 
at 35°, 1*267 at 50®. Ou demans states that the hydrated salt is soluble in 
methyl alcohol i*i at 15® and 25°. In ether 0*015 at 25®; in ethyl acetate 
0*004 at 15®, 0*011 at 35®, 0*024 at 50®; in acetone 0*117 at 15®, 0*123 at 
25°; in amyl alcohol 0*191 at 15®, 0*236 at 25®, 1*481 at 35®, 4*869 at 50° ; 
in amyl acetate 0*119 at 15°, 0*162 at 25®, 0*259 at 34*6®, 1*939 at 50®. 

Manganese laurate. — MnLa. Soluble in water 0*001 at 15°, 0*040 at 100®. 
Soluble in alcohol 0*048 at 15®, 0*38 at 78®. 

Nickel laurate. — NiLa*H20(or 3H2O). Soluble in water 0*020 at 15°, 
0*039 at 100®. Soluble in alcohol 0*064 at 15®, o*668 at 78°. 

Silver laurate, — A^La. Insoluble in water at 15® and practically in- 
soluble in ethyl alcohol (although Oudema^s gives the solubility in alcohol 
^ about 0*03) and ether. Soluble m methyl alcohol 0*074 at 15®, 0*083 
at 50°. _ ** 

Strontium laurate. — SrLa2*H20. Soluble*in w%ter 0*027 at 15®, 0*036 
at 100®. Spluble in alcohol o*96*at 15®, 0*36 at 78®. 

Zinc laurate. — ZnLag. Soluble in water 0*01 at 15®, 0*019 at 4 00®. 
Soluble in alcohol 0*013 at 15®, 0*88 at 78®. 

Methyl laurate. — } 5 l.Pt. 5°. B.Pt. I41® at 15 mm., 148® at 18 mm. 

Ethyl laurate. — Sol. Pt. —10°. B.Pt. 269® at 760 mm. 

DerivatAfes. — Laurie anhydride. M.Pt. 42®^ (cf. J.S.C.L, 1925, 44, 
B680). Laurie amide. M.Pt. no®. Laurie anilide. M.Prf. 68®. Laurie 
toluidide, M.Pt. 8i®-82°. Laurie naphthalide. M.Pt. 100°. 

Myristic Acid. CH3(CH2)i2*COOII 

Myristic acid constitutes the bulk of the fatty acids of nutmeg butter,. 

“ Birola butter and “ Ochdfc^ f^t and is«also contained in^considerable ' 
quantities in many of th^ solid and liquid fats. M.Pt. 53*8®. B.Pt. 250*5"^ 
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at 100 mm., 196*5° at 15 mm. < 4 ®®, 0*858, 1*4308°. Insoluble in 

boiling water. Slightly soluble in alcohol and ether in the cold, easily soluble 
in either of the boiling solvents.^ 

Ammonium myristate, — NH4My. M.Pt. 75° (imperfectly). Practically 
insoluble in cold ether or chloroform, sparingly soluble in cold water, acetone 
or methyl alcohol, somewhat more soluble in alcohol. 

Beryllium myristate. — Be(OH)My. Soluble in water at 25°, 0*004, in 
methyl alcohol at 25°, 0*047. 

Barium myristate. — BaMyg. Soluble in water ^>*007 at 15*3°, o*oi at 
50°. Soluble in ethyl alcohol 0*009 at 16*5°, o*oii at 25°, 0*013 at 35°, 
0*004 50°. Soluble in methyl alcohol 0*057 at 15°, 0*070 at 25°, 0*087 

at 35°, o*io8, at 50*5°. Soluble in ether 0*003 at 25°. Soluble in amyl 
alcohol 0*009 at 25°. 

Lead myristate. — PbMyg. Soluble in water 0*005 at 35°, 0*006 at 50°. 
Soluble in eliyl alcohol 0*004 at 25°, 0*004 35°, 0*052 at 50°. Soluble 

in methyl alcohol 0*056 at 15*5°, 0*078 at 25°, o*o8>at 35°, 0*019 at 50°. 
Soluble in ethyl acetate 0*010 at 14°, 0*015 at 35*5°, 0 077 at 50°. Soluble 
in benzene o*oio at 15”. Soluble in ether 0*013 at 14*5°, 0*056 at 36°. 
Soluble in petroleum ether (40°~6o°) 0*021 at 40°. 

Lithium myristate. — LiMy. M.Pt. 223*6°-224*2°. Soluble in water 
0*027 16*3°, 0*036 at 25°, 0*042 at 35°, 0*062 at 50°. Soluble in ethyl 

alcohol 0*194 at 20"^^, 0*224 25*4°, 0*278 at 35°, 0*435 at 50°, 0*6^9 at 65°. 

Soluble in methyl alcohol 1*346 at 15*2°, i*68o at 25“, 2*193 at 34’6\ 3*281 
at 50. Soluble in ether 0*013 at 15*8°, 0*004 25". Soluble in amyfalcohol 

0*029 ^6°, 0*046 at 25*7'', 0*062 at 35'', 0*^09 at 49,*2°, * Soluble in chloro- * 

form 0*004 15*2°. Soluble ift amyl acetate 0*637 14*5°, 0*034 

0*044 35 ^» 0'C)45 5 °^* Soluble in methyl acetate 0*013 at 24*5°. Soluble 

in acetone 0*413 at 15°, 0*447 0*502 at 35 ’. 

Magnesium myristate. — MgMy. M.Pi. 131*6°. Sv)luble in water 0*006 
at 15° and 25°, 0*007 at 35°, 0*014 at 50°. Soluble in ethyl alcohol 0*158 
at 15°, 0*236 at 25°, 0*373 at 35”, 0*577 5°^* ^^oluble in methyl alcohol 

0*571 at 15°, 0*763 at 25°. Soluble in ether 0 0 10 at 25°. Soluble in ethyl 
acetate 0*004 at 15°, 0*010 at 35°, Q*02i at 56° Soluble in acetone 0*142 at 
15°, 0*145 at 25°. Soluble in amyl alcohol 0*086 at 15°, 0*145 at 25°, 0*438 

35' » I *^93 50"- Soluble in amyl acetate 0*063 at4i5°, 0*073 at 25°, 0*105 

at 34*6°, 0*605 at»5o°. 

Silver myristate. — AgMy. TNl.Pt. r2ii°. Soluble in water 0*007 ^t 35° 
and 50°. Soluble in ethyl alcohol o*oo8 at 25° and 50°. 

Methyl 7 nyristat(\ — M.Pt., 18°. B.Pt. 296° at 760 mm. i67°-i68° at 
15 mm. i 

Ethyl ester. — Sol. Pt. io*5°-ii *5°. B.Pt. 295° at 760 mm. • 

derivatives. — Myristic anhydride. M.Pt, 51*5° (cf. J.S.C.I., 1925, 44, 
B680). Myristic amide. M.Pt. t£>2°. Myristic toluidide. M.Pt. 93°. 
Myristic naphthalids. M.Pt. 105°. 

Palmitic Acid. CP^CIDm-COOH 

Palmitie aeiu lis one -of the commoner constituents of fats particularly 
of the solid fats and is an important constituent of palm-oil. M.Pt. 62*6°. 
B.Pt. 271 *5° at 100 mm. 215? at 15 mm. J4®®, 0*841,77/®, 1*4324, 77/®, 1*4298. 
J^is insoluble in either cold or boiling water. Tht solubility in alcohol of 
various strejigths has been stidied by virif^uS workers, the results obtained 
oy Falciola (Analyst, 1911, 36, 23) art given in th^ following table : 
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Table VI.— Solubility of Palmitic Acid in Alcohol 


Temp. 

Solubiflty in grams per 100 c.c. in 

Abs. Ale. 75 % Ale. 50 %. Ale. 

40° 

3^-9 

3-6 

0-3 

30° 

• 

1*2 

0*12 

20° 

9-2 

0-4 

0-09 

0 

0 

2*8 

0*2 

0-05 


The results obtained by other workers are of the same order (cf. Hehner 
and Mitchell, Analyst^ 1896, 21, 323). • 

Twitchell {Analyst^ 19 39 * 44 ^> Meldrum, ibid.^ 1913, 38, 579) has 
determined the M.Pts. of mixtures of palmitic acid with stearic, behenic 
and oleic acids and his results are as follows : Melting-points were deter- 
mined by a modification of the capillary-tube method, under somewhat rigid 
conditions, and Heine’s observation confirmed that the depression of the 
melting-point is proportional to the amount of the second acid and sub- 
stantially independent of its nature. For example, a nearly pure stearic 
acid b^d a rn.pt. of 69-30° C.; a mixture of 9 parts of this acid with i part 
of palmitic, oleic or behcnic/acid melted at 67-25° C. (depression 2*05°); 
and a mixture of eighuparts o^ ^Icaric acid with 2 of palmitic, oleic, or behenic 
acid, or i of oleic and i of palmitic acid melted at 65-25° C. (depression 
4-05°). Similarly the rn.pt. of palmitic acid (62*44) depressed 2*05° 
by mixing with one-ninth of its weight of stearic, oleic or behenic acid, 
and 4-16° by mixing with one-quarter of its weight of these acids. The 
rn.pt. of behenic acid (79-99°) was depressed 4*33° when 2 parts of stearic 
palmitic or oleic acid were added to 8 parts of behenic acid. In the analysis 
of mixtures of fatty acids the above data arc used as follows : 20 parts of 
the mixture are added to 8b parts of jpalmitic, stearic, behenic, etc., acids, 
and the melting-point of the mixture determined. For example, 20 parts 
of cotton-seeci oil fatty acids with 80 of palmitic acid give a mixture melting 
at 59-26°. This is a depression of 3*18° and corresponds to a mixture of 

84-6 parts palmitic acid with 15-4 parts other acids. 

^eed oil fatty acids therefore contain 4-6 parts 
cent. 

Eisenstein {J.S.C.l.^ 1920, 35), 663A) has*d 1 the M.Pts. of mix- 

tures with Mearic acid and he finds that “ the melting-point curve of mixtures 
of palmitic acid and stearic acid has portions which are nearly straight* lines 
between 70 and 100 per cent, of pajmitic acid and 60 and too per cent, 
of stearic acid. • . 

Carlinfgnti and Levi-Malvano {Analyst^ i 9 to» 35 * 30) determined the 
Sol. Pts. of mixtures ' of palmitic, stearic and ’oleic acids, and found the 
following values. • * 

The authors conclude that ntixtures of stearic and palmitic acids form 
four series of solid solutions, and one addition compound, which would 
correspond to the old margaric acid, to the <nore recent daturic acid, and 
possibly to the synthetical margaric acid of lleintz and Krafft. 
mixtures of stearic acid with ok;i(yacid, andW palmitic acid with oleic aci<J, 
however, form only a sifigle series of solid solutions. 
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Table VII . — Solidification Points of Mixtures of Palmitic, 
Stearic and Oleic Acids 


Stearic 

Acid. 

Palmitic 

Acid. 

Beginning 
of Cr y stall 1 .S- 
ation. 

Stearic 

Acid. 

Oleic 
Acid. • 

Beginning 

of 

Crystallis- 

ation. 

Palmitic 

Acid. 

Oleic 

Acid. 

Beginning 

of 

Crystallis- 

ation. 

per 

cent. 

Per 

cent. 

X. 

Pei 

cent. 

Per 

cent. 

• 

Per 

cent. 

Per 

cent. 

X. 

100 

0 

68*2 

0 

100 

9-00 

100 

0 

61.00 

90 

10 

65-90 

5 

95 

23*45 

90 

10 

59-20 

— 

• 

(end 61-5) 

15 

85 

34*25 

80 

20 

57-30 

80 

20 

63-5 

25 

75 

46*60 

70 

30 

55-10 

70 

30 

6o*8o 

35 

65 

51-90 

60 

40 

52*60 

60 

• 

(end 57 -o) 

46 


(end 34) 



(end 44) 

40 

57-65 

54 

55-95 

•50 

50 

49-75 

52-5 

47 -s 

56-00 

55 

45 

58-65 

40 

60 

- 46-25 

— 

— 

(end 56-0) 

65 

(end 45) 

30 

70 

41*60 

50 

50 

56-25 

35 

61*25 

20 

80 

35*00 

40 

60 

55-90 

75 * 

25 

63 -40 . 

10 

90 

24*80 

30 

70 

54-75 


. . 1 

(end 57) 

0 

100 

9*00 

— 

— 

(end 54-79) 

85 

L5 ' 

65-40 


. . 

20 

1 

80 

55-75 

95 

! 

67-15 




10 ! 

90 

58-40 

100 

0 1 

. 68*20 

• * 1' 

. , 

1 , 

S 

95 

59-60 

. . 



• 1 

. . i 


I 

100 

61 *00 


•• i 

• • 

i 

•• i 

1 



The results obtained with mixtures of all three acids grouped in different 
systems were as follows : 


Table Vlll. — Solidification Points of Mixtures of Stearic, 
Palmitic and Oleic Acids 


steal] c 
Acid. 

Palmitic 

Acid. 

Oleic 

Acid 

Bt'giiiiiiiig « 

of Cry.^tallis- 
ation. 

Slfviric 

Acid. 

Palmitic 

Acid. 

1 

Oleic 

A(iid. 

• 

Beginning 
of Crystallis- 
ation. 

I’er cent 

Per cent. 

Per cent. 

x** 

IV;r cent 

Per cent 

Per cent 

0 1 

74*5 

13 

%T2-5 

62*30 

91*5 

7*5 

I 

65- - 

66 

17 

17 

, 60-15 

80 

> 7-5 

2*5 

63-00 

61 

19*5 

19-5 

58-80 

69. 

27*5 

3-5 

60*10 

51 

24-5 

24*5 

55-60 

57 

38 

5 

• 56-30 

29' 

35-5 

35*5 

48 -65 

46 

48 

6 

54-60 

12 

44 

44 

45*15 . 

34*5 

27*5 

58-5 

.64 

7 

8-5 

53-80 

52-70 

80 


« { 

64*10 

3 

17 i 

23*5 

68-5 

8-5 

52-70 

74 

4 

22 ! 

• 62*80 

12 

78-5-- 

9-5 

55-05 

69 

63-5 

4*5 * 
5*5 

26-s .j 
31 i 

61-65 

60*40 

40-5 

55 

4-5 

54-80 





57-5 


36 

■58-65 

58-5 

19-5 

22 

58-10 

51-5 

7*5 

41 

I 56-90 

47 

31 

22 

53-70 

^6 

8 1 

46 ! 

55-10 

41 

36-^ 1 

22*5 

52-00 

,41 

7*5 i 

51-5 i 

5^30 

3 f • 

39 

22 

51-65 

1 

1 

• 
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Table VIII. — Continued , 


Stearic 

Acid. 

Palmitic 

Acid. 

Oleic 

Acid. 

Beginning 
of Crystalns- 
ation. 

Stearic 

Acid. 

Palmitic 

Acid. 

Oleic 

Acid. 

Beginning 
of Crystallis- 
ation. 

Per cent. 

Per cent. 

Per cent. 

®C. 

Per cent. 

Per cent. 

Per cent. 

®C. 

35 

43 

22 

51-65 

16-5 

37-5 


44*70 

31 

47 

22 • 

51-30 

5-5 

48-5 

46 

47-30 

27-5 

50-5 

22 

50-90 





24 

54 

22 

50-30 

24-5 

8 

67-5 

44-95 

19-5 

58-5 

22 

50-10 

19-5 

12-5 

68 

40-85 

15-5 

62 

22*5 

50*70 

H -5 

18 

67-5' 

38-20 

8 

70 

22 

53*30 

10 

22-5 

(>TS 

36-90 





3-5 

29 

67-5 , 

38-85 

40-5 

13-5 

46 

52-55 



— 


32-5 

. 21-5 

46 

48-20 

5*5 

ITS 

19-5 

54-85 

29 

25 

46 

46-50 

8 

66 

26 

52-40 

27 

26-5 

46 

46-10 

20 

30-5 

49*5 

44-55 

21-5 

32 

4 <^*S 

• 

45*40 

• 





Pascri (J.S.CJ., 1914, 33, 602) determined the refractive indices of 
mixtures of palmitic, stearic and oleic acids, and obtained a series of figures 
which may be foynd in the original paper {Bull, Soc, Chim,^ 1914, 15, 
' 360, 367). . . . • • 

An isopalmitic acid has been said to be contained in “ chrysalis oil 
(Kawase, etc., y,S.C\I,y 1921, 40, 664A). This is said to crystallise in 
flat prisme, from alcohol, and have M.Pt. 57°-“59°. The acid and its mag- 
nesium salt were found to be less soluble in alcohol than is palmitic acid, 
and methyl isopalmitale was found to have M.Pt, 38^ 

Ammonium pahnitate. — Falciola {Analyst, 1911, 36, 23) found the 
solubility in alcohol to be as follows: 


Temp. °C. 

• 

Abs. Ale. 

9 

75 per cent. Ale 

50 per cent. Ale. 

50 

11*0 

• 


40 

4*5 1 

14-8 


30 


II -0 

; 

, 

20 

1*4 J 

4-3 

5-3 

• 10 

0-7 

1-8 



It is soluble in ether 0*29, and in acetone 0 20 both at ^3". 

Barium palmitate. — Soluble in water 0-004 O'oo^ at 50°. Soluble 

in alcohol cfoi at 16-3°. Soluble in methyl alcohol 0-045 15°, o-o88 

50*5°. Soluble in ether o-ooi at 25®. Soluble dn amyb alcohol o-oo 8 
at 25°. 

Beryllium palmitate. — Be(OH)Pa. Soluble in alcohol 0*004 25"^. 

Soluble in methyl alcohol 0-042 at 25'^. « 

Calcium palmitate. — Soluble in water 0*003, in alcohol o*oi. 

Cerous palmitate. — Insolubfedni water. Soluble 0*8 in ether. Slightly.* 
soluble in cold turpentine «(o- 18) (Morj^ll, J.C.tS., 1918, 113, 116). 
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Lead palmitate, — M.Pt. ii2‘2°~n2-4°. Soluble in water 0*005 at 35*^. 
Soluble in alcohol o*ooi at 35®, 0*012 at 50®. Soluble in methyl alcohol 
0*05 at 15-5°, 0*076 at 35°, 0*093 at 50°. Soluble in ether 0*01 at 14*5® 
and 35*5®, 0*033 at 50®. Soluble in benfene 0*009 at 15®. 

Lithium palmitate. — M.Pt. 224®-225®. Soluble in water o*oi at 18®, 
0*015 at 35®. Soluble in alcohol 0*096 at 20°, 0*118 at 25*4°, 0*142 at 35®, 
0*248 at 50®, 0*391 at 65®. Soluble in methyl alcohol 0*616 at 15*2°, 0*771 
at 25®, 1*086 at 34*6,® 1*652 at 50®. Soluble in ether 0*007 15*5° and 25°. 

Soluble in amyl alcohol 0*019 at 16°, 0*033 at 35®, 0*069 at 49*2®. Soluble 
in chloroform 0*004 ^S°* Soluble in amyl acetate 0*038 at 14*5® and 50®. 

Soluble in methyl acetate 0*015 at 24*5®. Soluble in acetone 0*434 
0*508 at 25®, 0*537 at 35®. 

Magnesium* palmitate. — M.Pt. I2i®-i22®. Soluble in water 0*005 at 
15®, 0*009 at 50®. Soluble in alcohol 0*034 0*058 at 25°, 0*085 at 

35®, 0*151 at 50®, Soluble in methyl alcohol 0*227 0*336 at 25°, 

0*500 at 51 *5*. Soluble in ether 0*004 25'^* Soluble in ethyl acetate 

0*004 0*013 at 50°. Soluble in acetone o*i66 at 15®, o*i6o at 25®. 

Soluble in amyl alcohol 0*043 at 15®, 0*066 at 25®, 0*104 at 35®, 0*263 at 50®. 
Soluble in amyl acetate 0*039 0*045 25°, 0*057 at 34*6®, 0*216 

at 50^ ^ 

Silver palmitate.— 209®. Soluble in water*o*oo4 at 35°. Soluble 
in alcohol 0 007 at 25® and 50®. Soluble in methyl alcohol 0*06 at 15® 
and 50®. Soluble in ether 0*009 at 15®. • 

Thallium palmitate.— M.W. n5®-ii7®. (Molde and Selim, 

1925, 44. B410.) 

Methyl palmitate. — M.Pt. 28® J[29®*-3o).^ B.Pt. 196® at 15 mm. Soluble * 
in methyl alcohol 29*3 at 15®. 

Ethyl palmitate. — M.Pt. 24®. B.Pt. 184*5®-! 85 *5® at 10 mm. 

Palmitic anhydride . — 0 *847. t‘43^4* (J**5^*C'.L, 

1925, 44, B680.) 


Stearic Acid. CH3(CIL)io*COOH 


Stearic acid is the commonest constituent of the hard fats. M.Pt. 
69*3® (other workers have found figures rising to 71-5.) B.Pt. 291® at 100 
mrn., 232® at 15 mm. S.G. 1*000 at 11®. w,,®®, 1*4322? 1*4311. It 

is insoluble in ei^er cold or boiling water. The solubility in alcohol of 
various strengths has been studied by .various workers, the results obtained 
by Falciola {Anal§istj 1911, 36, 23) arc given in the following table: ^ 


Solubility in Grams per lod c.c. Stearic Acid 


50. 

40. 


13-8 

1 


Abs. Ale. X, 

4-5 


2*0 I 0*9 


75 per cent. Ale. I 50 per cent. Ale. X. 


40. 


20 

• 

10. 

40. 

1 

20. 

10. 

077 

o'39 

i 

o-iS 

0*12 

1 

0*10 

0*08 

(23°) 

*• 


For the synthesis of keto-stearic acid see Report the Food Investigation 
"Vbard for 1523, page 8. ^ ^ » 
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Ammonium stearate, — Falciola {Analyst^ 1911, 36, 23) found the 
solubility in alcohol to be as follows: 


Temp. °C. 

j 

Solubility in grams per 100 c.c. in 

Abs. Ale. 75 % Ale. 50 % Ale. 

50 

1 

- 5-5 



40 

1*8 

50 

3-2 

30 

0-9 

1*8 

1*2 

20 

o-S 


0-5 

10 

0-3 

0*6 

0-3 ■ 


It is soluble in ether o*i and in acetone o*o8 both at 15°. 

Barium stearate. — Soluble in water 0*004 o*oo6 at 50®. Soluble 

in alcohol 'o*oo6 at 16*5°, 0*003 Soluble in methyl alcohol 0*042 

at 15°, 0*049 25°, 0*066 at 35°, 0*077 50*5°* Soluble in ether o*ooi. 

Soluble in amyl alcohol 0*007 25°. ^ 

Beryllium stearate. — Soluble in methyl alcohol 0 04 at 25°. 

Calcium stearate. — Soluble in water 0*004 ^ 5 ^* Practically insoluble 

in alcohol., 

Cerium stearate. — Insoluble in water. Soluble in ether 0*6. Practically 
insolubre in cold turpentine (Morrell, y.C.iS., 1918, 113, 116). 

Lead stearate. — M.Pt 115*6°- 115*8°. Soluble in water 0 005 at 35° and 
50°. Soluble in alcohol o*ooo at 25°, 0*004 at 50°. Soluble in methyl alcohol 
D*039 at 15*5°, 0*062 at 35°, 0*083 at 50°. Soluble in ether 0*007 at 14*5°. 
Soluble in ethyl acetate 0 007 at 14°, 0 020 at 50°. Soluble in benzene 
d*oo8 at 15°. Practically insoluble in petroleum ether (40°-6o°) at 20° but 
soluble 0*017 grams in 100 c.c. at the B.Pt. (Ncave, Analyst^ 1912, 37, 399). 

Lithium stearate. — M.Pt, 220*5°-22i*5°. Soluble in water 0*010 at 
16*3° and 35°. Soluble in alcohol 0 072 at 20°, 0*089 25*4°, 0*106 at 

35°, 0*200 at 50°, 0*333 ^ 5 °* Soluble, in methyl alcohol 0*349 at 15*2°, 

D*439 at 25°, 0*658 at 34*6°, 1*057 at 50°. Soluble in ether 0*011 at 15*8° 
md 25°. Solulile m amyl alcohol 0*011 at 16°, 0 028 at 25*7°, 0*031 at 
35°, o*o6o at 49*2°. Soluble in chloroform 0*004 ^5 2 ''* Soluble in 

imyl acetate *034 at 14*5°, 0*044 at 50°. Soluble in methyl acetate 0*012 at 
Soluble in acetone 0*571 at 15°, 0*706 at 25°, 0*663 35 °* 

Magnesium stearate. — M.Pt. 132°. Soluble in wwater 0*003 at 15°, 
d*oo8 at 50°. Soluble in alcohol 0*017 at 15°, 0*031 at 35°. Soluble in 
methyl alcohol at 0*084 o*ioo at 25°, o*i66 at 51*5°. Soluble in 
sther 0*003. Soluble in ethyl acetate 0 004 at 15°, 0*011 at 50°. Soluble 
n acetone 0*191 at 25°. Soluble in amyl alcohol 0*014 ^5 > 0*018 at 

0*039 at 35°, 0*105 at 50°., Soluble in amyl acetate 0*029 at 15°, 0*046 
It 34*6°, 0*115 at 50°. 

Potassium stearate. — Soluble in water. Soluble in 94*3 V/V alcohol at 
0*633 gram per 100 grams. Soluble in boiling absolute alcohol, 
3*6 grams in 100 grams. 

Silver stearate. — M.Pt. 205°. Soluble in wafer 0*004 35 ° 50° • 

Soluble in alcohol 0*007 at 25° and 50°. Soluble in methyl alcohol 0*051 
It 15°, 0*055 at 35°, 0*060 at 50°. Soluble in ether 0*007 at 15°. * 

Thallium stearate. — M.Pt. (Holde and Selim, J.S.C.I., 1925, 

B410.) » 
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Methyl stearate , — M.Pt. 38°. (38*s®-39-5°. Levene and Taylor.) 

B.Pt. 2i4°-“2i5° at 15 mm. Soluble in methyl alcohol, 4-8 grams in 100 
grams at i8®. 

Ethyl stearate , — M.Pt. 367°. (32*5*-33*5® Levene and Taylor.) 

Amyl stearate. — M.Pt. 21°, 

Stearic anhydride , — M.Pt. 71^-71*5®; d^^y 0*8368; 0*8149; Wd’®, 

^*4368 (J,S.C,I,y 1925, 44, B.680). 

Datuiuc Acid. CH3*(CH2)i6*COOH 

A so-called “ margaric acid having seventeen carbon atoms was at one 
time thought to be present in some natural oils, but it was later recognised 
that this acid was a mixture of various acids, each having an even number 
of carbon atoms. Of later years, however, a pure acid, having seventeen 
carbon atoms, seems to liave been isolated by Meyer and Beer from datura 
oil, and hence called daturic acid. M.Pt. 59*5°. The methyl ester has 
M.Pt. 30^'. ^fhe ethyl ester has M.Pt. 26 7''-27*5"', B.Pt. 227^ at 100 mm., 
Wi)®**, 1*4342. This acid has all the properties of the synthetic acid having 
seventeen carbon atoms. It is more soluble in alcohol than palmitic acid, 
100 grams of absolute alcohol dissolving 6*7 grams at 18 and 32*14 grams 
at 28°. (Ruttan, Eighth Interniitional Congress of Applied Chemistry.) 
This is the only acid with an uneven number of cafbon atoms that has been 
definitely proved to exist in an oiL It is one which is, therefore, of great 
theoretical interest, and which may very well repay further study-* 

Akaciiidic Acid. CoiII,3*C00H (?) * 

Arachidic acid is a charactc/islic constfiucnt of*arachis oil, in which it 
occurs together with lignoccric acid, it is also stated to occur in small quan- 
tities in other oils such as rape oil, cacao butter, etc. Until recent years the 
acid has always been considered to contain twenty carbon atoms arranged 
in a straight chain, but in 1923, Ehrenstcin and Stuewer {J.S.C.l.y 1923, 
42, 1031 A), showed that the isobehcnic acid formed by the degradation of 
lignoccric acid is identical with the arachidic acid isolated from arachis 
nuts, and that the acid is not CH;,(C]U.)ik*COOH as had been previously 
assumed, but an isodocosanic acid^ToiHia COOH or isobehcnic acid. 

The properties of the natural acid will be given first. M.Pt. 76^-77°. 
It is only slightly soluble in cold alcohol, but fairly readily soluble in boiling 
alcohol, from wnich it can be crystallised: figures for the solubility of the 
acids isolated from arachis oif are given on page 261. Methyl ester: M.!^. 
54*5^ Ethyl carter : M.Pt., 50". B.Pt. 284° -286^ at 100 mm. ^ 

In order that thesA properties may be compared with the normal acids 
the following table of melting-points h^s been compiled showing those of 
the normal straight chain acids as determined by Levene and Taylor (J.C.S., 


Carbon Atoms. 


Compouiid. 


• c^. 

C... 

Ethyl esfer . 

42 

49*0 

1 • 

56 

Methyl ester . *. 1 

46-5* ; 

53*5 

i 59-5t 

Acid 

76-5 

Si -5 

85 -St 


* This figure is also given \y Ehrenslem anci Stuewer. 

t These figiires arc also given bv Me^ci* Brod and Soyka, J.C.S. , 1913, 104, 
i, 1151. 
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1924, 126, i, 827) on synthetic acids prepared by them. Average figures 
have^been used. 

Morgan and Bowen 1024, 43, 346T) give for w-eicosanic acid 

(C20H40O2) M.Pt. 75®, M.Pt. of methyl ester 45*5^-46*5®, M.Pt. of ethyl 
ester, 41*5°, which figures are practically confirmed b/ Adam and Dyer 
(y,C,S.y 1925, 127, 70) with 75° for the acid, 4i*5®-42*5® for the ethyl ester 
and 46^-47® for the methyl ester. 

These figures would seem to prove fairly conclusively that arachidic 
acid is not a normal C^o acid, and although its exact constitution has not 
yet been elucidated it would seem to be an isobehcnic acid containing the 
same group as lignoceric. 

Behenic Acid. CH3 (CH2)2o*COOH 

Behenic acid occurs in ben oil and possibly, in small quantities, in other 
oils. It was first studied by Voelcher in 1848. The M.Pts. qf mixtures of 
behenic acid with stearic, palmitic and oleic acids have been determined by 
l^W\tch.G\\.{Analysty 1914, 39, 448), and are given under palmitic acid on 
page 25. The natural acid has been studied by Toyama {J.C.S.y 1922, 
122, i, nil), and the synthetic acid by Levene and Taylor {Ibid.y 1924, 
126, i, 827), whose results are in excellerjt agreement. The acid has M.Pt. 
8 i®- 82°, and dissolves in alcohol o*i, and in ether o*2 at about 15®. The 
methyl ester melts at 54® and the ethyl ester at 50® (48*5®-49-5®, Levene 
and Ta)^or; 50^-50-5®, Toyama; 48®-49®, Voelcher). The amide melts 
iiii-ii2®, the anilide at ioi®-io2® (Toyama). 

i^IGNOCERIC ACID. Coi’ILgOa 

Lignoceric acid occurs in arachis oil along with arachidic acid. It is 
also present in rotten oak bark (Sullivan, 1917, II2, i, 8), Sphingo- 

myelin (Levene, ibid.y 1913, 104, i, 917), and in Galician lard paraffin (Berg- 
mann, ibid., 1918, 114, i, 285). This acid has not a straight chain, and is 
an isotetracosanic acid this having been shown by Levene and West {ibid., 
1914, 106, i, iiz^’y J.S.C.I.y 1924, 43, B838), who obtained by reduction of 
lignoceric acid a tetracosanc which had, M.Pt. 5i'^-5i'5", whereas w-tetra- 
cosane has M.Pt. 55®. The melting-point of the synthetic acid and also 
the melting-poyit *of the synthetic straight chain acid differ considerably 
from the natural acid (cf. page 30). * 

Brigl and Fuchs (J.C.S., 1922, 122, i, 712) state that they have obtained 
n^noceric acid from bcechwood tar, and this is supporied by Hall and 
Hermann. The acid isolated by the former work"»rs had M.Pt. 78®-9i®. 
They state that this is a mixture >f two acids, one of which has M.Pt. 85®, 
and is identical with ;2-tetracosoic acid (methyl ester M.Pt. 60®). They 
suggest that the other constituent is also a w-letracosoic acid of M.Pt. 74®, 
the isomerism being due to the possibility of the carbon chain existing as 
a right-handed and also as a^eft-handed spiral, but there does not seem to 
be much evidence to support this idea. 

Levene, Taylor and- Haller {Analyst, 1924, 49, 542) have confirmed 
their opinions. They have been unable to obtain "a M.Pt. ^of more than 
81° for the natural acids after the most extensive’ method of purification, 
whilst the straight chain synthetic acid (C24II48O2) has M.Pt. 85*5®. They 
give their opinion that beechwood tar is poss’.bly not a suitable material 
for the preparation of the acid, their samples having been obtained from 
arachis oil, and also from ceretn'^sides. * ^ 

Heiduschka and VynVi iJ.S.C.L, 1925, 44, B137), found that a sample 
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of lignoceric acid obtained from arachis oil had MJt. 77-5*^ although they 
agree with the formula Ca4H4802. This M.Pt. is probably too low, altl^pugh 
there is always the possibility that the constitution of the acid may vary in 
oils from different sources. 

The natural acid has, according to other workers, M.Pt. 8o°-82°. Methyl 
ester M.Pt. 56-5°”57°. Ethyl ester M.Pt. S5°-56^, B.Pt., 305° at 15 mm. 


Acids of the General Formula. C„Ha.*_202 

The most important members of this series are oleic acid and its isomers, 
but several others occur in smaller quantities in nature. Thus myristoleic 
acid 

GH3*(CH2)7-CH =CH(CHa)3-COOH 

has been isolated from sperm oil (Tsujimoto, J.S.C.L, 1923, 42, 2j6A)f 
having B.Pt. i90°“2oo° at 15 mm., S.G. 0-908 at 15°, 1*4566 and iodine 

value 1 06 -8, whilst Tiglic acid 

CHa-CH^qCID-COOH 

which has M.Pt. 64*5'" and B.Pt. 198-5° is present to a considerable extent 
in croton oil. • 

Hypogaeic acid, CicHaoOg, is said to be present in some oils although 
there is some doubt. M.Pt. 33°“-34‘^. B.Pt., 236'" at 15 mm. An isomeride, 
paliiiitolcic acid, occurs to a considerable extent in whale oil. ft gives a 
solid isopalmitolcic acid having M.Pt. 2i°-22° under the same experimental 
conditions as oleic acid forms elaidic acid. ^ ^ 

*Oleic Acid 


CII3-(C1L.)7CH 

II 

COOH-CCH.J^-CH. 


Oleic acid is the most common unsaturated acid present in oils — it 
constitutes the greater part of the acids of the liquid non-drying oils. A 
large number of isomerides are, of course, possible, some of which are known, 
but the one which is of greatest importance is elaidic acid, which is the 
geometrical solid isomeride of ordinary liquid 9 : 10 oleic ftcid from which 
it may be produced by the action of nitrous acid fumes. The reverse change 
can be brought about by heating elaidic acid under pressure with sulphuroy 


It has been cusLorafiry t(\ describe oleic acid as the trans acid for reasons 
which are more or less obscure, but Arlnslrong and Allan have suggested 
th^t this nomenclature be reversed in accord with the more xisual custom 
of regarding the more stable higher melting form as the Irans isomeride, 
which would, therefore, mean that this structure would be assigned to elaidic 
acid. Muller and •Shearer as the result of X-iuy measurements regard elaidic 
acid as a trans compound. 


ClIg-CClDrCH CH3(ClIo),-Cn 

II • II 

HC(CH.,) 7 -C 00 H. C00H(CH2)7CH 


Elaidic — trails acid. 


Oleic — cis acid. 


Perfectly pure oleic acidt is most difficult to prepare and is probably 
still unknown. Lapworth and Pea’*son {Reports of ike Food Investigation 
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Boards London, H.M. Stationery Office, 1921, page 29; 1922, page 44) 
have studied this matter at considerable length, but they have not yet pre- 
pared an oleic acid which could be boked upon as pure, palmitic acid being 
retained with great persistence. This work is being continued (cf. 

1925, 44, B249). As in all probability all the samples of oleic acid hitherto 
examined have been more or less impure no useful purpose will be served by 
giving all the properties of the acid and its salts so far published; those 
that are given below must be accepted with a certain amount of reserve. 
Lapworth and Pearson have found, by a method of extrapolation, that the 
ordinary setting-point of oleic acid is 13° or very slightly above. Oleic 
acid is, however, dimorphous the second form melting two or three degrees 
higher. These workers state that “ it is clear that oleic acid forms at least 
two, and probably three, series of solid solutions with palmitic acid. Owing 
to the sluggishness with which one series is transformed into another, highly 
deceptive results are obtained when attempts are made to determine the 
relations between the setting-point curves of two series, and setting- points 
have consequently been abandoned as tests of composition of mixtures.** 

The following abstract {Analyst^ ^ 9 ^ 5 $ 50 » 47^) been made of a paper 
by Lapworth and Mottram (J.C.S., ^ 9 ^ 5 > 127, 1628) on the determination 
of oleic acid : , 

“ Even comparatively impure samples of oleic acid may be analysed 
as follows, particularly with regard to the determination of all saturated 
fat^y acids not volatile in steam. A clear solution of the sodium salts 
from about 5 grms. of the'* oleic acid * is cooled, diluted with 4 litres 
of ice-cold water, and 400 8.c. of 1 per cent, potassium permanganate 
solution slowly added at 10^ C., with continual shaking. After 5 minutes 
sulphur dioxide is used to decolorise the liquid, and 150 c.c. of con- 
centrated hydrochloric acid are added. The crude solid dihydroxystearic 
acid thus precipitated is drained, washed with about 50 c.c. of petroleum 
spirit (the washings being kept), and dried to constant weight, then 
extracted with 100-500 c.c. of petroleum spirit (B.Pt. 70-80" C.), the 
whole cooled, and filtered, the residue of nearly pure dihydroxystearic acid 
washed, and the washings and extrjvpt combined and evaporated. The 
residue from these is distilled in steam to remove any volatile fatty 
acids, and ^he non-volatile acids are then extracted with petroleum 
spirit. The solvent is evaporated, and the acids heatefi on a water bath 
to constant weight.** • 

The acid is insoluble in water, but readily soluble ^ aiconoi. It is readily 
attacked by ozonised air forming qzonides and perozonides. Each molecule 
of oleic acid, is capable of combining with two atoms of halogen. When 
fused with caustic alkalies palmitic acid and acetic acid are formed the 
breaking down not taking place at the double bond as was at one time thought. 

0*898; B.Pt., 232-5" at i5^mm.; 1*4415; 1*4620. 

The melting-points of mixtures of oleic with saturated fatty acids have 
been studied* by the foflowing ; Carlinfanti and Levj-Malvano {Analyst^ 
1910, 35, 30), Twitchell {ihid., 1914, 39, 448), Meldrum [ibid., 1913, 38, 
579), these are given under palmitic acid (page 26), whilst Pascal {J.S.C.L^ 
1914, 33, 602) has determined the refractive indices of mixtures of palmitic, 
stearic and oleic acids. The following are certain other papers that have 
appeared dealing with the properties of oleic acid : 

“ On the OzonidM nf Oleit Acid.’* Plarries and Thieme? Analyst, • 
1906,31,41a. 
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“ A Spectrum Reaction for Oleic Acid/’ Lifschutz. Analyst^ 1908, 

33 » 479 - 

Separation of Oleic from Steyic and Palmitic Acids.” Falciola. 
Analyst ^ 1911, 36, 23. 

“ The Alleged Dimorphism of Oleic Acid.” Kirschner. J.S.CJ.f 
1912, 31. 593. 

“ I’he Relation between Iodine Value and Structure of Members of 
the Oleic Acid Series.” Ponzio and Gastaldi. J.S.CJ.f 1912, 3 1, 884. 

“ New Isomerides of Oleic Acid.” Fokin. •J.S.C.I., 1913, 32, 96. 

“ 'Phe Oxidation of Oleic Acid in Sunlight.” Canzoneri and Bian- 
chini. Analyst^ 1914, 39, 255. 

“ The Action of Halogens on Oleic Acid.” Mergen and Wino- 
gradoff. Analyst, 1914, 39, 31 1. 

“ Isomeric Oleic Acids.” Eckert and Ilalla. 1914, 33, 32. 

“ Catalytic Reduction of Oleic Acid by Hydrogen and Nickel.” 
Shaw. 3 ^. 5 .C./., 1914, 33, 771. 

“ The Esters of Oleic Acid and their Hydrogenated Products.” Ellis. 
J.S.CJ., 1917, 36, 39. 

“ The Products of Hydrogenation of Oleic Acid.” Moore. J.S.C.I., 
1919. 38, 320T. • ^ 

” Properties of the Olcates of some of the Heavy Metals.” Albu- 
querque. 1920, 1 18, i, 216. 

” A Degradation Product of Oleic Acid.” Lifschutz. 1921, 

40, 478A. ^ ft 

“ Relation of Oleic Acid to Elaidic ^A^cid.” Nicolei. y.S.C.I., 1922^. 
41, 109A. • 

” The Catalytic Decomposition of Oleic Acid.” Mailhe. y,S,CJ., 
1922, 41, 334A. 

“ The Action of the Brush Discharge on Oleic Acid.” Eichwald. 
y.S.C.L, 1922, 41, 824A. 

” The Separation of Methyl Oleate from Methyl Linolate.” J.S.CJ., 

” Oleic Alcohol and its Composition.” Toyama. y.S,C.I., 1924, 43, 
B223. 


Ammonittm (^caie . — Soluble in absolute alcohol 100 at 50", 59 at 10"; 
in 75 per cent, alcohol 8-2 at 10', 10-9 at 30^’. Soluble in ether i6'9 at 
Soluble in acetoW 47 at 15'’ (Falciola, Analyst, 1911, 36, 23). 

Barium alcafe . — Inloluble in water and almost so in alcohol. Soluble 
in boiling benzene containing traces of tvatcr from which solution the salt 
crystallises almost entirely on cooling. 

Calcium oleate . — Soluble in water 0-009 at 15'’, Zink and Liere, Fahrion 
1915, 34, 622; 1916,35,932). Insoluble in ether. 

Cerous o/ca/c.- -C ompletely soluble in tfther (Morrell, y.C.S.^ 1918, 

“ 3 . *17)- _ , . 

Lead ule(ye . — Whhe powder. M.Pt. 45°-50 — which is considerably 
lower than the figure ejuoted by Gottlieb (80°). It is very soluble in ether 
and petroleum ether, which property is made use of in the separation of 
saturated and unsaturated acids. 

Lithium oleate . — Soluble in hot alcohol. Insoluble in ether, carbon 
bisulphide and benzene. 4'>Iuble in water# 0-067 at 18° and 0-13 at 25*. 
Soluble in* 99-5 per cent, alcohol, o-ji ft fS'’ and i-oi at 25°. 

Magnesium oleate . — Soluble in water o-o22*at 15° (Fahrion, y.S.C.L, 
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1916, 35, 932). Soluble in 90 V/V alcohol 8*6o grams per 100 grams at 
25® (Thomas and Yu, J.S.CJ,, 1923, 42, 233A). 

Potassium oleate. — Soluble in water about 25 at 15®. Soluble in 94-3 V/V 
alcohol at 25° 41*1 grams per 100 gtams. Soluble in boiling ether about 3. 

Sodium oleate, — M.Pt. 232®~235®. Soluble in water 10, in 92 per cent, 
alcohol 5, in boiling ether i (cf. Pictet and Potok, J.iS.C. 7 ., 1919, 38, 939A). 

Thallium oleate, — M.Pt. 83°. Holde and Selim (J,S,C,I., 1925, 44, B410). 

Oleic anhydride, — In silver scales. M.Pt. 22-2®. Holde and Tacke. 
J,S.C,I,, 1921, 40, 8i7A^. 

Oleic anilides, — Constants and properties of various (de Conno, Analyst, 

1917, 42, 213). 

Methyl oleate, — d}^, 0*879. ®*P^‘ 2i2®“2i3® at 15 mm. 

Ethyl oleate. — d}^, 0*871. 

Elaidic Acid 

II 

HC(CH2)7-C00H 

This acid, which is produced by the action of nitrous acid on ordinary 
oleic acid, is, as has already been said, a geometrical isomer of the latter. 
The acid may be crystallised from alcohol, giving plates which melt at 44*5® 
(Geitel, Analyst, 1899, 24, 258). d'^^\ 0*850. B.Pt. 234® at 15 mm. 

The metallic salts of elaidic acid have not been extensively studied. 
The barium, lead and silver sails are insoluble in water and only slightly 
•soluble in alcohol, ®ether or ben2«nc. Solubility of the lead salt in absolute 
alcohol 0*01 at 15®. Methyl claidate has 0*872, whilst ethyl elaidate, 
has 0*868. Cerous elaidate is soluble in ether 1*07 (Morrell, J^C.S,, 

1918, 113, 117). 

Iso-OLEic Acids. 

Several other isomeric oleic acids have been isolated from various natural 
products or prepared by chemical action. Thus on distilling hydroxystearic 
acid or by hydrogenation of oleic acid a mixture of acids is produced which 
probably contains the ii-io oleic acid ;• parsley-seed oil contains an acid, 
petroselinic acid, which is probably 6.7 oleic acid, whilst other acids are said 
to have been isoTated from liver lecithin, from rape oil and^rom cheiranthus 
oil. The whole question is quite unsatisfactory and needs further investiga- 
^on as has been shown by numerous later investigations. Thus Grabner 
{J,S,C,I,, 1921, 40, 896A) has stated that the so-called rapic acid of rape oil 
is identical with oleic acid and has no separ^ite existence. Gadoleic acid 
has been found by Bull to occur in notable quantities in cod-liver oil, herring 
oil and other fish oils. It had M.Pt. 24*5°. The presence of this acid in 
herring oil has been confirmed by Lexow {J.S.C,!., 1921, 40, 438A). Cf. 
composition of hydrogenated oils, page 470. 

Erucic Acid. CooILoC 
CH 3 (GH 2 ),*CH 

I! 

COOHCCtDu-CH 

Erucic acid is the characteristic acid of rape oil. It may be crystallised 
from alcohol. M.Pt. 33®*-34‘^ Jlft. 264® af 15 mm. The If ad salt is^' 
only slightly soluble in ether, resembling in this property the saturated acids 
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rather than the unsaturated. Methyl crucate has 0*874, I '4558, 
B.Pt., 221^-222° ar 5 mm. The acid in nearly all its properties strongly 
resembles oleic acid. Thus, on treatment with the fumes of nitrous acid it is 
transformed into brassidic acid, its gfeometrical isomer. Cf. Holde and 
Wilke (and Schmidt), J,S,CJ., 1922, 41, 260A, 424A, S98A, 825A; 1923, 
42, 1139A. For structure, cf. Mascarelli (and Sanna), ibid.^ 1916, 35, 
262; 1917, 36, 603, and derivatives, ihid,^ 1922, 41, 988A and J^.C. 5 ., 1922, 
122, i, ini, and Analyst^ 1917, 42, 213. For ammonium erucate, see 
Analyst, 1911, 36, 114, J.C,S , 1916, no, i, 707. For ethyl erucate, see 
1922, 122, i, 1923, 42, 896A. 

Brassidic Acid. C22H42O2 

CH3-(CH2)7'CH 

HC-(CH,)iiCOOH 

Formed,® as stated above, by treating erucic acid with nitrous acid. 
M.Pt. 65”. B.Pt. 265'" at 15 rnm. The ethyl ester has M.Pt. 30°-30-5”, 
1*4587. (J.S.C.I., 1922, 41, 825A; 1923, 42, 896A). The anhydride 
has M.Pt. 64°; d\'\ 0*835. For structure see references under erucic acid 
above. 

Unsaturated Acids. 

It is generally considered that our knowledge of the saturated fatty 
acids is fairly complete, although recent results would point to the fact that 
there is still a considerable amount of work to be done^in this field. Our 
knowledge of the acids of the ^ries is far less complete, as wilf 

be gathered from the outline presented above, but it can safely be said th'at 
very little is known of the acids which are more unsaturated than oleic acid. 
This is largely due to the extreme difliculty of the determination of constitu- 
tional formulae in cases where the substance may not be stable, where double 
bonds may readily wander, and where the total number of possible isomers, 
both constitutional and geometrical, is enormous. A certain number of 
the more highly unsaturated acids have been examined and their properties 
determined, but in most cases the constitutional formula? arc either uncertain 
or unknowm. 

Acids of the General Formula. 

Lin0lic Acid. ^ 

This acid, also known as linoleic, occurs widely in the drying and semi- 
drying oils from whicfi it may be prepjjred by bromination of the mixed 
fatty acids recrystallising the product from petroleum ether, and reducing 
thi« tetrabromide so prepared in methyl alcohol solution to methyl linolate. 
The acid has sol.pt. below -18°, B.Pt., 229° at 15 mm. The acid is readily 
soluble in alcohol and ether. The solid tetrabromide has M.Pt. 114°, but a 
liquid tetrabromide readily soluble in petroleum ether (in contradistinction 
to the solid which crystallises well from this solvent) is also formed. The 
acid and its gnhydridp have been studied by Ilolde and Weill (y,S.CJ., 
1923, 42, 938A) w'ho found iodine value (Ilanus), 178*6; acid value, 196*7; 
sp. gr. at 20° C./4° C., 0*9025; //„2«-i-47ii ; M.Pt. -25° to -24° C. 
Later, Holde and Gcniner {J.S.C.L, 1925, 44, B600, B680), found M.Pt,, 
-8° to -7°; B.Pt., 202° at 1*4 mm.; Sp. gr. 0*9038 at i 874 ‘^i 0*9007 at 
22*8°/4°; 1*4715, 1*4683. The •anhydride was found to have 

^M.Pt. -3-5° to -2*87 Sp. gr. 0*90^1 at i* 477 S* 
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Andr^ (y,S»C.L, 1923* 42, 364A) has indicated a method of separating 
methyl linolate from methyl oleate by fractional distillation. 

Cf. also The Metal content of Various Commercial Linoleates (Lino- 
lates).” RadclifFe and Palmer, y.J.C./., 1915, 34, 644. The occurrence 
and synthesis of mixed glycerides of linolic acid. Griin and Schonfeld, 
ibid,, 1916, 35, 366. Takahashi, Jf.C.iS'., 1919, 116, i, 468; 1921, 120, i, 
303. Coffey, ibid., 1921, 119, ii, 1306, 1408; Salway, ibid,, 1916, 109, 
i, 138. 

Ammonium linolate , — Begins to melt at 57°-58°. Readily soluble in 
methyl alcohol. Solubte in ammoniacal absolute alcohol at o® about 35. 
Soluble in hot benzene and acetone and in cold chloroform and carbon 
. tetrachloride. Sparingly soluble in ether. Falciola, Analyst, 1911, 36, 114. 

Various metallic salts have been examined, but not extensively. Many 
of them are soluble in alcohol, ether and benzene. Barium linolate is readily 
soluble in benzene, which sharply distinguishes it from barium oleate. 
Lead linolate is readily soluble in ether. Cerous linolate is completely 
soluble in ether (Morrell, 1918, 113, 117). 

The methyl ester boils at 210'’ — 211° at 15 mm.; d-^^, 0*889, 

El.®:ostearic Acid. CjaHaaOa 

• 

Elaeostearic acid occurs in tung oil. It apparently exists in two forms 
known rtspectively as a and — elaeostearic acid — the tetrabromides of the 
two forms are identical (Morrell, J.- 5 .C./., 1912, 31, 1189) (Nicolet, jf.C.S,, 
1921, ’*120, i, 660). Majima reduced the acid to stearic acid and thus proved 
^that it (probably) contains a noAnal chain {J.S.C.I., 1912, 31, 998). There 
is some doubt as to whether the acid is OigHa^Oa or C18H30O2, the matter 
having not yet been settled (cf. Maquenne, Analyst, 1924, 49, 105). The 
a acid has M.Pt. 48° and the ^ acid the latter having an experimental 

iodine value ot 172. The cerium and lead salts have been studied by 
Morrell {J.C.S., 1918, 113, 116; 1922, 122, i, 982. 1922, 41, 

328T ; 1915, 34, 105 ; 1918, 37, 181T). The formula of the acid is discussed 
by Boeseken and Ravenswaay, J..S.C./., 1925, 44, B813. 

Ric Acid. CigHaoOj 

1 he acid has the same empirical formula as linolic «icid, but is quite 
^different in constitution as it has one triple i>ond; it is not very widely dis- 
tributed in nature. The constitution has been studied bj^ Arnaud and his 
co-workers who give it the formula t 

CH3 *(CH,)ioC = C(CIL) 4 *C 00 H 

It melts at 50*5°. It absorbs four atoms of bromine, the tetrabromide 
melting at 125°. ^ • 

• Hydnocarpic Acid. CieHagOa^ 

This acid has again the same cthpiricai formufa as the corresponding 
member of the oleic series, but its structure is totally different as, in this 
case, a 5 atom ring is present, and also because of the presence of an asym- 
metric carbon atom, which causes the acid to be optically active. The 
acid occurs together with cliaulinpogric (sect below) in hydnocarpus and • 
chaulmoogra oils. 



EDIBLE OILS AND FATS 


38 


The constants of* the acid have been studied by Brill and Williams 
(J.5.C./.,"I9 i 8, 37, 166A) and by Dean and Wrenshall (Analyst, 1921, 46, 
52) who found: M.Pt. 59°; iodine value, 99*9-ioo*2; sap. val. 218*2-2227; 
[a]u*® in chloroform 4-67-6® to (B. & W.) 4-68*1° (D. & W. no 

temp, given). (Cf. Rakuzin and Flier, 1916, no, i, 273.) 

The constitution of this acid and of chaulmoogric acid has been studied 
by Power and Barrowcliff (J.C.S,, 1905, 87, 577), who have ascribed the 
following tautomeric formula? to both : 


CM 

CH CH(CH 2 ),*C 00 H 


CH2 

CH— C-(CHo),COOH 

I I 

CHo— CII3 


• Chaulmoogric Acid. CiaHsaOg 

This acid occurs in chaulmoogra, hydnocarpiis and lukrabo oils. The 
constants of the acid have been determined by Brill and Williams (J.S.C.I.y 
1918, 37, 166A), by Dean and Wrenshall (Ajialyst, 1921, 46, 52), and by 
Goulding and Akers (J.S.CJ.y 1913, 32, 704). M.Pt. 68^'. Iodine value 
89*5-90-1 (B. and W.), 90*1 (I), and W.), 90 5 (G. and A.). Sap. Val., 
200*5-203*4 in chloroform 458*1° to ^•59•05° (B. and W«), +56° 

D. and W., no temp, given), -I 60° (G. and A.). 

Methyl chauhnoo^rate, — M.Pt. 22°. B.Pfr. 227° at 20 mm. drl;° 0*912. 
[a]|, 55*8°. (Goulding and Akers, 7.iS^.C.7.,%9i3, 32, 704.) ' 

Ethyl chaulmoogr ate. — B.Pt, 2^0° at 20 mm. 0-908. 


Acids of Tim General Formula C„Fl2..~6^2 
Linolenic Acid. C,hH 3 oO.> 

This acid occurs in considerable quantities in the drying oils, particularly 
in linseed oil. B.Pt. 230°-232° at^ 17 mm. t/V* 0*914- There is some 
evidence of the existence of tw^o isomeric linolenic acid which have been 
called respectively a and jS linolenic acids, but the matte? is^not yet settled. 
The oxidation oLthis acid by means of hydrogen peroxide or perbenzoic 
acid has been studied by Bauer »and Kutscher (J.S.C.I.y 1925, 44, B459). 

Zinc linolenal/i. — ((CiHH2902)2^n)^*Zn0. M.Pt. 72-73. Soluble iii^ 
alcohol 0-9 in the cold, 6-2 at a higher temperature. Cf. Coffey, J.C.S.y 
1921, 1 19, ii, 1306, 1408; SaAvay, ibid,, 1916, 109, i, 138. 

Methyl linolenatc, — B.Pt. 207° at 14 mm. 0-892. 

Ethyl linolenate. — B.Pt. i32°-i33° at o-ooi mm. 1*4675. 

It is quite possible that other isomers and homologues of linolenic acid 
occur in nature, bpt no definite information is at present forthcoming. 
Owing to the large number of possible isomers the matter is very complicated. 

Acids of the General Formula C^Ha^-gOa 

The isolation of isanic acid, C14H20O2, and of therapic acid CivHgoOa 
have both been claimed, but the evidence in their favour is at least not 
.conclusive. Acids of the formula CaoHa^Oj^ have also been mentioned. 
•iThe only intportant member of this s^iel clupanodonic acid. 
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Clupanodonic Acid. CagHaiOa (?) 

This acid was first isolated by Tsujimoto {Analyst ^ 1906, 31, 336, 344) 
from Japanese sardine oil. It is widely distributed in fish and marine 
animal oils. The oil gives an octobromide having the formula CjgHgsBrgOa. 
The mixed fatty acids of fish oils contain up to 14 per cent. The octobromide 
is almost insoluble in alcohol, ether, and glacial acetic acid. It decomposes 
at about 200° without melting. It readily becomes oxidised in the air, 
changing to a dry mass. 

There is some doubt as to the constitution of this acid for whilst Schmidt- 
Nielsen {J.S.CJ.^ 1922, 41, 300A) gives it the formula Tsujimoto, 

although at first agreeing with this, in later work {ibid.^ 1920, 29, 825A; 
1922, 41, 719A ; 1923, 42, 1 1 85 A) considers that C22H34O3 is the correct 
formula, which has been confirmed by Eibner and Semmelbauer, ibid., 
1924, 43, B986. Cf. Riedel , 7 1914, 106, i, 1123. if 0 939; 

0’936. /z,,*®, 1*4948. Liquid at —50"^; semi-solid at “78°. *The methyl 
ester is a light yellow liquid B.Pt. about 222° at 5 mm. It does not readily 
distil w^ith steam (Tsujimoto, J.S.C.L. 1013, 32, 06). Occurs in the brain 
(Grey, J.C.S., 1913, 104, i, 552). 


Arachidonic Acid. C2oH320i> 

An acW of this formula was discovered by Hartley (J. of Physiol., 1909, 
38, 3Si) to which the name arachidonic acid was ascribed by Lcwkowitsch. 
it occurs in animal tissues, a mefjjod for its determination in which has been 
described by L. G. Wesson {Analyst, 1925, 5p, 578). 


Hydroxy Acids 

A number of acids occur in nature having one or more hydroxyl groups 
present in the molecule; both saturated and unsaturated hydroxy acids are 
known. The saturated acids are not particularly important, although sabinic 
acid (CiaHaiO;))) juniperic acid (CjoHatOs), lanopalmic acid (C10H32O3) 
and cocceric acid (Q31H32O3) have been described. 


JHE Unsaturated IMono-Hydroxy acids 

I. Ricinoleic Acid 

• 

The most jmportant of the unsaturated hydroxy acids, in fact, the most 
important of all the hydroxy acids, is ricinoleic acid, CTgH3403, which ocenrs 
in large quantities in castor oil and to the glyceride of which this oil owes 
its characteristic property. It contains an asymmetric ^carbon atom and 
its compounds are therefore optically active. 'J’he constitution has been 
dealt with of recent years by Jones {J.S.C.L, 1917, 36, 359), by Stosius and 
Wiesler {J.S.C.L, 1921, 40, 18A), ancj by Nicolet and Pelc {J.C.S., 1922, 
122, i, 644). The properties of the pure acid have not been obtained with 
certainty. The figures usually quoted are S.G. 0‘95i, M.Pt. 4°-5°. [«]„, 
6*7°, The preparation of the pure acid has been undertaken by Holde 
{J.S.CJ., 1923, 42, 896A). 

Esters have been prepared ^yj^aller {Con/pt. Rendu., 1907,^144,462), 
who found the followine oroDerties. « 
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Table IX. — Constants of the Ricinoleic Esters 


Ester. 

1 

1 B.P., 10 mm. 

• 

DW°. 

Specific Rotation. 


Methyl 1 

225°-227® 

0-927 

- 

5 ° 2' 

1-4645 

Ethyl ; 

227°-230° 

0*918 

4 ° 48 

1-4830 

«-Propyl 

233 °- 236 ® 

0*912 

4 ° 35 , 

I *4624 

Isobutyl I 

1 

239 °- 24 i° 

0*908 

4° 22 

• 

1*4621 


When treated with nitrous acid ricinolcic acid is changed into its geometric 
isomeride, ricinelaidic acid as in the case of oleic acid. M.Pt. 52'’-54°. 
[a]n == +6*67° in absolute alcohol at a concentration of 12 per cent. 


The Diiiydroxy Acids 

• 

Dihydroxystearic acid, Cif,H3c04, occurs in castor oil to the extent of 
about I per cent., M.Pt. I4i°-i43‘^. The methyl ester has M.Pt, loG^-ioS*^. 
Thoms and Deckert have stated that they have isolated a new acid from 
hydrogenated castor oil. 

Lapworth and Mottram (J.C.S.y 1925, 127, 1^8, 1987) have confirmed 
the nearly quantitative conversion of oleic acid into dihydroxystearic acid 
by means of an alkaline solution of i per cent, potassium permanganate 
and have shown that continued oxidation in the cold converts the aihydroxy- 
stcaric acid into suberic, w-octoic and oxalic acids. In hot solutions^mainly 
suberic and azelaic acids are formed. The^oxidation of this acid by hydroge* 
peroxide and perbenzoic acid* has been studied by Bauer and Kutscher 
(y.S.C. 1 ., 1925, 44, B4S9). 

Another acid of the same scries, lanoceric acid, C3oHflo04, has been obtained 
from wool wax. 

Other acids have been isolated from natural products or prepared syn- 
thetically, but as yet they are not of sufficient importance to warrant extended 
discussion. 

3. Alcohols 

t 

The Sterols 

The sterols are complex alcohols with a cyclic constitifcion which occur 
in small quantities in most of the vegetable and animal fats. Those occurring 
in animal fats differ from those occurring in vegetable fats and this faot 
can be made usit of for determining the source of an unknown oil or for the 
detection of animal eft Is in» vegetable oils and vice versa. The following 
sterols are known : 


Name. 


r Cholesterol 

CholestcrolsJ Isocholesterol 
[Bombic^sterol 

f Sitosterol . . 

Phytosterols] Brassicasterol . 

* btigmasterol 


Coprosterol % 


i Formula. 

1 

M I>t. 

Occurrence. 

i C„H ,,0 

148"-! 50° 

Animal oils 

! CjjHjoO 

i37°-i38“ 

Wool fat 

C^^H^O-HaO 

148° 

Chrysalis oil 

1 C„H 4.0 

135° 

Maize oil 


148° 

Rape oil 

; CsoH^O-H^O 

170'^ 

Calabar bean 

1 • « 

98°-! 00° 

Sewage fats 
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The sterols may be detected by means of the reaction with digitonin, 
which is described fully under the phytosteryl acetate test on page 124. 
Two colour reactions have lately been described by Whitby [Analyst^ 1923, 
48, 226) which are stated to be delicate and distinctive. It was at one time 
thought that the cholesterols were typical of the animal fats and the phyto- 
sterols of the vegetable fats, and that the discovery of either one or the other 
of these bodies in an oil pointed unmistakably to the presence of the corre- 
sponding fat. This is undoubtedly very largely the case, but the following 
remarks of Steuart (Analyst^ 1923, 48, 155) should be very carefully read 
in this connection. “ An examination of the sterol prepared from a sample 
of fat will show definitely whether the fat is of purely animal origin or whether 
• the vegetable fat is present. The results of this work indicate that the sterol 
acetate examination cannot be used to demonstrate the presence of animal 
fats in mixtures containing vegetable oils. Marcusson and Meyerheim 
(1916) found from 8 to 14 per cent, of sterol in the unsaponifiable matter 
of animal fats, e.g,^ cod-liver oil and tallow, and 33 to 55 per cent, in that of 
vegetable oils. This suggested that the proportion of sterol in the unsaponifi- 
able matter of a margarine fat might give some indication as to its origin; 
but such a hope can no longer be entertained.** 

The properties of the various sterols so far as they are at present known 
are given below. Lewkowitsch divides the sterols into zoosterols (the animal 
sterols) and phytosterols (the vegetable sterols). A useful summary of the 
propertiei and a system of classification is given by Dori^e (Biochem. J.y 
1913, F, 616). The possible relationship of sterol and vitamine A content 
has ^en discussed by Drummond, Rosenheim and Coward (J.S.CJ., 
V5,44.i23T), • 

Cholesterol , — White crystals crystallisingTrom hot alcohol or chloroform 
in anhydrous needles. Insoluble in water, sparingly soluble in dilute alcohol, 
easily soluble in ether, carbon bisulphide and chloroform. Soluble in 
absolute alcohol. The M.Pt. is given by Bomer as i48-5''-i50'8'" corr. 
Polenske, in an extended investigation of 284 cholesterols isolated from 254 
different specimens of lard, found the following corrected M.Pts. 

No. OF Samples. M.Vt ‘'C. 

, 2 145 

15 146-146*5 

36 146-5-147 

185 .147-148 

15 148 

1 14,8 5 

Hepburn ^J.S.C.L, 1913, 32, 989) gives the M.Pt. of cholesterols from 
different sources as i47*4°-i49*i®. It is strongly laevo -rotatory, [ajn* in 
chloroform solution —34*3° to —36*6°. 

The bromine compounds have been investigated by Windaus {Analyst y 
1906, 31, 41 1) who finds that the dibromidc is sparingly soluble in a mixture 
of ether and glacial acetic acid and that this fact may be made use of to separate 
cholesterol from phytosterol. , , 

Various qualitative colour reactions for the sterols have been proposed 
from time to time. In the main these reactions are given with varying shades 
and intensities by all the sterols so that they cannot be used for distinguishing 
between, say, cholesterol and phytosterol. Schulze suggested colours with 
strong nitric acid and sulphuric aci(l respective^V, but the colours given are 
not specific. The Hager-^alkowslti reaction consists in dissolviAg a small 
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amount of sterol in chloroform, adding an equal amount of cone, sulphuric 
acid and shaking the mixture when the chloroform layer assumes a red colour 
turning to purple. The Liebermann-Burchard reaction consists in dissolving 
a little sterol in about 2 c.c. of chlorotorm and adding 20 drops of acetic 
anhydride and i drop of cone, sulphuric acid when a reddish violet coloura- 
tion is produced. Golodetz {Analyst^ 1908, 33, 133) has proposed a colour 
test with sulphuric acid and formaldehyde, whilst Whitby {Analyst, 1923, 
48, 226) makes similar suggestions and also gives a modification of the acetic 
anhydride reaction. 

Lifschutz and Grethe {J.S,CJ,, 1914, 33, 929)* describe the preparation 
and properties of oxycholesterol, M.Pt. 107°-! 13*^. They say that it may be 
distinguished from cholesterol by treating its solution in glacial acetic acid, 
with a few drops of concentrated sulphuric acid. The red or bluish-violet 
colour thus produced is changed to bright green on adding ferric chloride 
solution, and on then adding one or two drops of chromic acid the liquid 
becomes colfturless. Cholesterol does not give this colour reaction. 

The digitonin compound has M.Pt. 2i5°-2i8'^. Oxycholesterol is 
present in the brain {Analyst, 1915, 40, 129) and Rosenheim gives a colour 
reaction with dimethyl sulphate {Analyst, 1916, 41, 284). 

Cholesteryl acetate. — The acetic ester is produced by boiling the cholesterol 
with excess of acetyl chloride. It crystallises in small needles, insoluble in 
cold alcohol, slightly soluble in boiling alcohol, readily soluble in low boiling 
petroleum ether. M.Pt. 114*^-114*8^' (corr.) [a]i,— 43^'. • 

Isocholesierol. Occurs together with cholesterol in wool fat. M.Pt. 
I37°-I38^. Insoluble in water and almost* so in cold alcohol, in etiier, or 
in petroleum ether. Cohen has claimed* to have isolated a sterol front 
African rubber, which is identical with isocholesterol, and draws the con- 
clusion that no fundamental dilTcrcnce exists between sterols of animal and 
vegetable origins; this opinion is interesting, taken in conjunction with the 
views of Steuart (page 41), but has received little, if any, attention. The 
solutions of this substance arc dextro-rotatory [a]i, 4 60°. Isocholesterol 
gives the same colour reactions as cholesterol, but the acetate is difficult to 
obtain in the pure state, although Lorec has found the M.Pt. 134^. 

BomhicesteroL — This sterol is stated to occur in chrysalis oil, together with 
cholesterol. Its M.Pt. is 148 [a] n “34-9'". wdiich figures are identical with 
those of cholesterol. The acetate has M.Pt. 129®, and pi]i)^“42*7, on which 
evidence it has been adjudged to have a separate existence. 

Sitosterol. — Sitosterol is tlixj typical sterol of plants and is the principal 
member of that»class of phytosterols which has long been considered to be 
typical of vegetable oil% in general. A large amount of confusion has existed 
in regard to the constitution and properties of the various phytosterols, and 
even now the exact position of the chemistry of the subject is not particu- 
larly clear, and it would appear that the results likely to be obtained from 
further work on the subject might repay very amply the labour involved. 

Sitosterol has M.Pt. 137*" to -27° according to concentration 

and solvent. Insoluble in w^ater, slightly soluble in cold alcohol, easily 
soluble in hot alcohol, ether, chloroform, etc. The colour •reactions and 
bromine compounds are mentioned under cholesterol, on page 41. 

Anderson and Nabenhauer {J.S.CJ., 1924, 43, B888) have prepared a 
highly purified sample of sitosterol (by means of the bromine compound) 
which had M.Pt. i38"-i39° ; —36*69 in chloroform. The acetyl 

derivative had M.Pt. i3o"'-i3i° and [a]i,2o== -40*20. Dihydrositosterol 
has +25*82. • . 

Sitosterol acetate is given by different observers as having melting-point 
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varying from 123-5“ to 137“ which obviously points to the fact that the 
’phytosterol obtained from vegetable oils is not a single substance, but a 
mixture of substances. Jager and Klamorth give the M.Pt. of pure sitosterol 
acetate as 127°. Further evidence in favour of this assumption has been 
obtained by Steuart {Analyst, 1933, 48, 155) who finds that the M.Pt. of 
sterol acetates obtained from vegetable oils varies from 125° to 139“, but that 
it is possible by recrystallisation to find a fraction of this with M.Pt. as low 
as 115°. The matter is obviously one which requires considerable further 
careful investigation (cf. ihe sterols of maize oil, page 205). Brassicasterol, 
stigmasterol and coprosterol are said to occur in rape oil, calabar beans and 
in sewage fats respectively. Very little is known of their composition and 
■ properties, and no little confusion exists. Further work on this subject is 
very desirable. Brassicasterol is said to have M.Pt. 148° and [a], “-64°, 
whilst the acetate has M.Pt. 157° -158°. Stigmasterol, M.Pt. 170°, [a],,*® 
-44-7°; the acetate, M.Pt. 141°. Coprosterol, M.Pt. 9S°-ioo° [ojo*® 
+24°; the acetate M.Pt. 88° or 114° according to the observer. 



CHAPTER V 


EXAMINATION AND SEPARATION OF THE FATTY ACIDS 

Under certain circumstances and for particular purposes an examination of 
the fatty acids obtained from a fat by saponification may be useful, and is 
sometimes necessary. The acids may be prepared in the following manner. 

Preparation.— ?hcG 50 grams of the fat (or other suitable quantity) in ’ 
an extraction flask or porcelain dish and add 20 grams of potassium hydroxide 
dissolved in about 30 c.c, of water and 50 c.c. of alcohol (Industrial Spirit). 
Heat the mixture on the water-bath (under a reflux condenser where any 
oxidation of the product is likely to take place) until saponification is com- 
plete. Dilute the liquid with several times its own volume of water and boil 
until the whole of the alcohol has been removed, adding hot water from time 
to time if necessary. Add dilute sulphuric acid to the solution in slight 
excess when the fatty acids will rise to the surface, usually as a clear oily 
liquid which can be separated quite readily. Finally, wash the separated 
acids with hot water until they are no longer acid to methyl orange and filter 
through a warm thick filter-paper. * 

In the case of drying oils these operations must be carried out ascapidly 
and at as low a temperature as possible, preferably in an atmosphere of carb(» 
dioxide. 

It is obvious that the above process will only yield those acids which are 
insoluble in water (cf. Hehner's process, page 145). In those cases where the 
fat gives more than a negligible Reichert value, and it is desired to examine 
the soluble acids, the washings should be made alkaline and evaporated to 
small bulk, the resulting solution again acidified, and the free fatty acids 
extracted with ether in the usual w'ay. Where serious quantities of unsaponi- 
fiable matter arc present, these must be removed (cf. page 120) from the soap 
solution before acidification. 

Methods of Exaniinaiion . — The methods of examination of the fatty acids 
are quite analogous to the same determinations on the^fats themselves, 
and these will be described later. Such determinations may include 
specific gravity melting and solidifying points, index of refraction, iodine 
value, etc. The only methods which have any point of difference are the 
determination of the mean *nolecular weight or neutralisation value and the 
determination of the anhydrides. 

‘ Mean Molecular Weight , — The neutralisation value of the fatty acids is 
the number of milligrams of potassium hydroxide which are required to 
neutralise one gram of the acids. Their mean molecular weight may then 
be calculated from the equation 

• n 

where n is the neutralisation value, and M the mean molecular weight. 

Anhydrides , — Although the matter is, as yet, by no means proved, there 
is some evidence of the exigence of ap^iydritles or lactones in the fatty acids 

separator from fats. In such cas^ the neutralisation value of the acids, 

44 
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determined in the cold will be different from the saponification value of the 
acids determined in the hot, Lewkowitsch has suggested the following 
gravimetric method for the determination of lactones : 

Five grams, or more, of the sample are dissolved in neutralised alcohol, 
and titrated with aqueous caustic potash. The lactone or anhydride remains 
iinaffected as long as free fatty acid is present. The soap solution is then 
shaken out with ether or petroleum ether, care being taken not to dilute the 
soap solution too much so as to cause dissociation of the soap, when acid 
soaps may pass into the ethereal solution. The ethereal solution is then 
filtered off, the ether evaporated off, and the residue weighed. The residue 
naust be free from ash; its neutralisation value should, of course, be nil. 
tn this connection C. A. Browne 1915, 34, 184) has some interest- 

ng remarks. For further information see Tortelli and Pergami {J.S.CJ,, 
1902, 21, 1187). For the general properties and preparation of anhydrides, 
see J. Gscll {Analyst^ 1907* 32, 95) and Holde and hiscollaboratQ|#(y.iS.C./,, 
1920, 39, 789A, 790A; 1921, 40, 817A; 1922, 41, 82 sA; 1923, 42, 896A; 
1925, 44, B679. Analyst, 1921, 46, 245). 


Separation of Fatty Acids 

Solubles and Insoluble Acids , — The determination of the soluble and 
nsoluble acids of fats is usually carried out where desired by the method of 
HehcefJ described oji page 145. *The Reichert value is usually considered 
:o he proportional to the amount bf soluble acids present on account of the 
"act that in general, solubility and volatility are closely allied in the case of 
the fatty acids. The separation is carried out as described on page 44 above. 

Solid and Liquid Acids , — It so happens that most of the saturated fatty 
icids are solid, whilst the unsaturated acids are liquid, so that in general, 
die separation of solid and liquid acids means the separation of saturated and 
insaturated acids. The two notable exceptions to this rule arc erucic acid, 
jage 35, and the oleic acids formed by submitting certain fats to hydro- 
genation . * 

The Lead-salt -ether Method . — The earliest of the usual methods for 
separating liquid ^d solid acids is the lead-salt-etlier method, which may be 
:arricd out in the manner recommended by Fryer and Weston: 

Saponify 5 grams of the oil in the usual way< Add acetic acid till slightly 
n excess, and back-titrate to neutrality with alcohtfWc potashp using phenol- 
Dhthalein as indicator. (If the mixed fatty acids are^employed instead of 
,he oil, dissolve in alcohol, and titrate with N/z aqueous potash. Dilute 
A'ith water to ipo c.c.) Distil off the alcohol on the water-bath, and dissolve 
:he soap in 100 c.c. water. Place the solution in a 500 c.c. wide-neckcJ, 
conical flask, and add slowly, with constant shaking, 200 c.c. of boiling 
Abater to which has been added 30 c.c. of 10 per cent, lead* acetate solution. 
Fill up the flask with boiling water, and set aside to cool. When the lead 
ialts are .set anfl the liquid clear, pour off the latter, being careful to return 
my particles of lead salts which run out. Wash thui salts with boiling 
ivater, shaking and cooling under the tap, meanwhile rotating so as to cause 
.he salts to adhere to the sides of the flask. When cold, run out the wash 
vater, and repeat the washing with boiling water. Drain the flask by lurn- 
ng it upside down, and remove any further moisjure with a wad of cotton- 
wool held by the forceps. Add 2qp»c.c. of ether (methylated), cork the 
lask, and shake thoroughly; f-then place ftnder a reflux condenser, ^d heat 
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on the water*bath until only a fine light suapension remains. Remove 
from the condenser, cork, and set aside to cool to room temperature, filter 
into a separating funnel, keeping the flannel covered with a large watch glass. 
Wash out the flask with four successive quantities of 30 c.c. of ether, pour 
on to filter and allow all ether to drain through. Add to the ethereal solution 
of soluble lead salts in the separating funnel, 100 c.c. of dilute HCl (20 c.c. 
cone. HCl to 100 c.c. with water), stopper the separator, and shake thoroughly 
to decompose the lead salts. Stand till a complete separation occurs between 
the ether and aqueous layers, and then run off the precipitated lead chloride 
and water, and wash the ethereal layer with lots of 10 c.c. water till free 
from mineral acid, separating well each time. Add a few granules of fused 
calcium chloride to the ether, and stand for an hour, then remove the stopper^ 
and pour out the ether through neck of separator on to a filter and run the 
filtrate into a 200 c.c. graduated flask. Rinse out separator with two lots of 
ether, bein^ careful to retain the calcium chloride and any drops of water 
which have separated out. Make up the ethereal solution to 200 c.c. witli 
ether, shake, and stopper the flask. Pipette into two flasks, A and B (latter 
tared), 50 c.c. of the ethereal solution, and drive off the ether ‘in a current 
of CO2 on a water-bath. Continue to heat and pass in CO2 till no further 
loss in weight occurs. Immediately introduce into A the requisite quantity 
of Wijs’ iodine solution, and ascertain the iodine value. Weigh flask B. 

Yield of liquid unsaturated acids ^-wt. of fatty acids in flask B X4 x-g— 
per cent. The yield of solid acids is obtained by the difference of the above 
figure and the yield of total insoluble fatty acids from the oil. The yield 
of solid acids may be directly obtained by treating th^ insoluble l?hd salts 
left on the filter-paper as described previously. 'Phe iodine value should be 
determined. The acids shou*ld give no ash on incineration, showing that 
the lead salt has been properly decomposed. 

Various modifications ha^ c been proposed by Oudemans (J. Prak. Chtm.^ 
1866, 99, 407), Kremel (Pharm. ZentraL, 1891, 5, 337), Rose (J.S.C.Ly 
1887, 6, 306), Twitchell (J. Amcr. Chem. Soc., 1895, 17, 289), Muter and 
De Koningh {Analyst^ 1889, ^ 4 ^ Hehner {Analyst, 1892, 17, 181), 
Lewkowitsch {J.S.C.L, 1890, 9, 845). 

The solubilities of the lead salts of various fatty acids in ether and in 
petroleum ether have been studied by (j. B. Neave {j^nalyst, 1912, 37, 399). 

The method has been modified, by fractionally pre(,7pitating the fatty 
acids by means of one-tenth the full quantity of lead required, as a means 
of detecting rape oil (Kreis and Roth, Analyst, 1913, 38, 114). A. Seiden- 
berg {Analyst^ 1921, 46, 465) conducts the solution of the lead salts in a 
similar manner to hil> crystallisation method described on page 399, using a 
mixture of ether, alcohol and chloroform. E. Twitchell uses alcohol alone 
{Analyst, 1921, 46, 466). A modification using alcohol, proposed by Tortelli 
and Ruggeri produces, according to Lewkowitsch, liquid acids having a 
higher iodine value than the original method, but as in one case the residual 
acids had an iodine value of seventy it is obvious that some particular classes 
of unsaturated acids are isolated by this means. Kawasc, Suda and Fukuzawa 
{J. Chem. Soc. Japan, 1921, 42, 181; J.S.C.I., 1921, 40,*'664A) propose 
an alternative method. 

Petroleum spirit lias been suggested as a solvent in place of ether by 
Twitchell {J.S.C.I., 1895, 5 i 5 )» Lane {J.S.C.!., 1907, 26, 597) 

found that lead ricinoleate was insoluble in this solvent, which suggests a 
method for the isolation v'f this acid. Bepzene as a solvent was suggested 
by Farpsteiner (J.S.C.I., 1898, 17, 604), but the results obtained by this 
method do not appear to show anj improvement. 
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The PotasHum-salUacetone Method , — Tliis method was apparently first 
suggested by Fachini and Dorta {y,S,C.L^ 1910, 29, 1065; 1912, 31, 397. 
Analyst, 1914, 39, 122) and used by them particularly for the separation 
of arachidic acid {vide arachis oil, page 260). Although the method was 
reported upon adversely by Ride^ and Acland {Analyst, 1913, 38, 260), 
A. de Waele {Analyst, 1914, 39, 389) reports very highly upon its simplicity. 
The last author proceeds as follows : 

About 10 grms. of the dry fatty acids are weighed into a 150 c.c. COa 
flask, 90 c.c. of anhydrous acetone added, the solution warmed to 25°, and 
10 c.c. of N/i potassium hydroxide added in a thin stream w^ith stirring. 
The flask is then corked and immersed in ice-water for three to four hours. 
•At the end of this period complete precipitation will have occurred. 

The contents of the flask are then thrown on to a 5 or 6 cm. Buchner 
funnel and washed with anhydrous acetone at o® until the residue is quite 
colourless. The bulk of the acetone is then removed by suckin/j air through 
the filter-paper and pressing down to a solid cake by means of a spatula. 
The cake is then placed in a tared 150 c.c. beaker, the adhering soaps removed 
from the filter-paper, and the COj flask washed out with a little warm dilute 
potash, since part of the precipitated acids exists in the free state and adheres 
tenaciously to the flask. The rinsings of this flask are then run into the beaker 
containing the bulk of the'soaps, water added, the flask warmed until solution 
is complete, and the acids liberated in the usual way, the boiling being con- 
tinued un*il the lower aqueous layers become transparent. 

The solid acids are then filtered off as in the determination of the Hehner 
agdcj^he cake soliclified by imm'ersion in cold water, and the drained paper 
with its adhering acids transferred to the t^red beaker and dried at 100° 
until of constant weight. 

The liquid acids may be separated from the acetone filtrate by adding 
an equal volume of water, 30-50 c.c. ether, and acidifying with hydrochloric 
acid. The ether layer is then washed with faintly acid water, the acid assist- 
ing in the separation of the emulsion. The ethereal layer is then run off, 
evaporated, etc. (cf. R. H. Kerr, J.A.O.A.C., 1920, 3, 435). 

Meigen and Neuberger {J.S.CJ,, 1922, 41, 944A) were not able to obtain 
good results by the original method aiKl proposed a method depending 
upon the use of thallgus sulphate which is described below. 

The Lithium-sglt-acetone Method . — This method, which has been suggested 
by M. Tsujimoto {J.S.C.L, 1920, 39, 825A), depends bpon the ready 
splubility of the lithium salts of the highly un%aturated acids in 95 per cent, 
acetone by volume and the slight insolubility of the other salw in this solvent ; 
the method is particularly useful in the examinatipn offish oils. The lithium 
salts may be prepared by neutralising an acetone solution of the acids with 
lithium hydrojiide, using phenolphthalein as indicator or, for larger quantities, 
by treating an alcoholic solution of the potassium salts with lithium acetate. 
A later modification by Tsujimoto and Kimura {J.S.CJ., 1924, 43, B62) 
suggests that 10 grams of the fatty acids be dissolved in ^5 c.c. of acetone 
and neutralised with ammonia, an aqueous solution of an equivalent amount 
of lithium salt being then added ; the resulting aceton'e solution should be 
of 95 per cent, strength. The solution is shaken fcfr thirty minutes and 
cooled in ice-water for about an hour. This modification gives a somewhat 
lower yield, but the use of ammonia in place of potash facilitates recovery 
of the lithium. Later {ibid., 1925, 44, B856) Toyama and Tsuchiya suggest 
the use of the sodium salt in sijitable mixtures Jof acetone and ' or of 
acetone and alcohol. *• 

The Magnesium~soap-alc<shol Method ^. — This method has been ^ised by 

D 
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R. H. Kerr 1916, 35, 1121) and by Thomas and Yu (y.S.CJ,, 

1923, 42, 233 A) and has been recommended by Morgan and Bowen (J. 5 .C./., 
1924, 43, 346T). The last authors use a solution prepared by dissolving 100 
grams of magnesium acetate in 200 c.c. of water, cooling, filtering and mixing 
with three volumes of 95 per cent, alcohol. One part of the mixed fatty acids 
should be added to about five parts of this solution after heating. The mag- 
nesium soaps are then allowed to crystallise over night at room temperature, 
filtered off and washed with water until free from magnesium chloride. 

Other Methods , — David (Analysiy 1911, 36, 22)^ and P. Falciola (Analysty 
1911, 36, 23, 1 14) have based a method of separation on the fact that the 
ammonium salts of the solid fatty acids are insoluble in a large excess of 
ammonia whilst the salts of the liquid fatty acids are readily soluble (cf.- 
table, page 29). Falciola working on a mixture of 5 grams of oleic acid 
and 2*5 grams each of palmitic and stearic acids states that the separated oleate 
was found to contain 0*20 gram of palmitate and 0*04 gram of stearate. 

I’he use of sulphuric acid and of the Twitchell reagent (see page 14) 
have been proposed by Twitchell {JS.CJ.y 1897, 16, 1002) and by Lanza, 
but no method based upon this suggestion has yet been put forv^'ard. 

Meigen and Neuberger (J.S.CJ.y 1922, 41, 944A) have suggested the 
use of thallous sulphate as a reagent for the purpose. They found that a 
mixture of 0-502 gram of oleic acid with 0-505 ^ram of stearic acid gave 
0*509 gram of solid acids of iodine value 0-3 and M.Pt. 68°, while a mixture 
of 0-200 gram of oleic acid and 0-502 gram of stearic acid gave 0^529 gram 
of solid acids of iodine value 0-9 and M.Pt. 67-5°. 'Phis reagent has been 
used by Holde, Selim and Blcybcrg {J.S,C.l,y 1924, 43^ B755, B9i6);‘^vho 
find that 100 grams of water c^issolve 0-0461 gram of thallous oleate at 15° 
and 0-3034 gram at 80°; 100 grams of 50 per cent, alcohol (by volume) 
dissolve 0-9247 gram at 15° and 100 grams of 96 per cent, alcohol (by volume) 
dissolve 2*254 grams at 15 ’. They use the following method : 

I gram of the mixed fatty acids is dissolved in 50 c.c. of 96 per cent, 
alcohol, neutralised with N/2 or N/10 alcoholic potassium hydroxide diluted 
with the same solvent to 125 c.c. and 65 c.c. of water and 35 c.c. of 4 per cent, 
thallous sulphate solution are added at the ordinary temperature. The 
thallous salts of the solid acids arc separated by filtration through a fluted 
filter, and after washing, the free fatty acids are liberatet) from the precipitate 
and the filtrate by means of sulphuric acid, and determined gravimetrically 
after removal of the solvent. 

Griin and Janko (J.S.CJ.y 1922, 41, 21A) have suggested a methoij, 
which depends on the wide difference in boiling-point of the mixed esters 
of the saturated fatty ifeids «?pd of the bromine addition products of the esters 
of the unsaturated acids. The esters are prepared in the usual way with 
1-72 per cent, alcoholic sulphuric or hydrochloric acid. The Jbromination is 
carried out by saturating the chloroform or carbon tetrachloride solution with 
bromine. The product is freed from the solvent and washed with sodium 
bicarbonate solution. The distillation is best carried out at 2-4 mm. pressure. 
The ethyl esters of the saturated fatty acids distil over up to 175*^, the de- 
composition of the brominated esters not beginning- until 190°. ‘ I'he bromine 
is removed from the residual brominated esters by boiling for several hours 
with alcoholic hydrochloric acid (2N-3N) and granulated zinc, which must 
be pure and have a large surface. The same weight of zinc should be used 
as that of the brominated esters. The alcohol, hydrochloric acid, and salts 
are removed by pouring into water, and ^he esters extracted with ether, 
which i^'distilled off. The method gave very exact results on known mix- 
tures. If more than 90 per cent, ot unsaturated acids are present (as shown 
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by the iodine vdue) an equal weight of ethyl stearate is added to the mixed 
esters before distillation and the addition allowed for in the calculation. 
D. Holde {ibid., 1925, 44, B250) has found that the method cannot be applied 
to the case of the fatty acids from arachis oil, as ethyl arachidate and ligno- 
cerate boil, under 2 mm. pressure, above the decomposition temperature 
(190®) of ethyl dibromostearate, whilst ethyl tetrabromostearate, derived 
from the Hnolic acid (7-8 per cent.) present in arachis oil, decomposes at a 
considerably lower temperature. 

Treatment of the zinc §alts with carbon bisulphide has been recommended 
by Sear, and with ether by Jean and by Bomer. 

The Method Recommended . — The reports of various observers differ 
widely as to the relative utility of the different processes suggested. At 
the present time it would appear that no great advances have been definitely 
made on the original lead-salt-ether method, and it must be emphasised here 
that it has not yet been found possible to effect a complete separation as 
judged by a zero iodine value for the saturated acids. The thalldus-sulphate 
method certainly looks promising, but it requires considerably more examina- 
tion before a final opinion can be given. It would be a most useful piece of 
work for the various methods to be compared with particular reference to 
the thallous-sulphate method. A further point which should be mentioned 
is that the utility of any ’particular method will depend to a considerable 
extent on the actual fatty acids present. 

Isolation of Individual Acids 

Ic must be stated at the outsell that the isolation of individual fatty acids 
in a state of purity from such mixtures as occyr naturally in fats is extremely 
difficult and laborious and that their quantitative determination to any high 
degree of accuracy under all conditions is impossible. In spite of this statement, 
however, the isolation and approximate determination of many of the njorc com- 
mon acids can be carried out and the results can, in many cases, be accepted. 

Solid Acids . — One of the earliest attempts to bring about such a separation 
was that of Heintz (J. Prakf. Chem., 1855, 66, i) who precipitated the alco- 
holic solution of the mixed solid acids with alcoholic solutions of barium or 
magnesium acetate. The usual method it to add sufficient of the reagent to 
combine with, say a tenth of the fatty acids present, and filter off the pre- 
cipitate formed. tA further quantity of the reagent is then added after the 
solution has been neutralised with ammonia, the further pAcipitate filtered 
off, and so on until no further precipitation takes place. As a general rule 
the salts of the higher fatty acids separate first (cf. Morgmn and Bowen, 
J.S.C.L, 1924, 43, 346T). Lead and lithium, .particularly the latter {vide 
E. V. Walker, J.C.S., 1923, 123, 2837), have also been used in a similar 
manner, whilst Edelstein {J.S.CJ., 1912, 31, 730) has suggested the separa- 
tion of the volatile acids by fractional precipitation with silver nitrate. Of. 

J. Gsell, Analyst, 1907, 32, 95; Heidiisclika and Ripper, 1924, 

43, B184; Hodgson and Keane and Narracott, Analyst, 1^09, 34, 435, 436; 

E. B. Holland,Jf. 5 .C./., 1911, 30, 433; Langheld and Zeileis, Analyst, 1913, 
38, 273; H. Agulhon, 1913, 38, 274. 

Various suggestions have been made concernirfg the isolation and 
determination of individual acids which will be mentioned below under the 
acids themselves. 

Liquid Acids . — Various unsaturated acids may be present in the liquid 
acids. Their degree of unsattwation will be iiidicated to a considerable 
extent by the iodine value. The klfiine value of oleic acid is qo, whilst ' 
that of linolenic is 274 ; it' will be possible therefore in those caabs where 
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these two acids only are present to calculate the respective quantities from 
the iodine value of the mixture. Where a large number of unsaturated 
acids are present, which is, of course, always a possibility, the problem is 
more complicated and special methods are necessary. The earliest work on 
this subject was carried out by Hazura {Monat,/. Chem,, 1887, 8, 147, 156, 
260; 1888, 9, 180, 190; 469, 478, 944, 947; 1889, 10, 190) by oxidation 
and isolation of the products, and by the preparation of the bromine addition 
compounds and separation of these by their different solubilities. The result 
of the work of Hazura and his collaborators served to show that when un- 
saturated fatty acids are oxidised by means of a dilute aqueous solution of 
potassium permanganate hydroxyl groups are added equivalent in number 
to the unsaturated valencies in the molecule, that is each double bond will* 
produce two, and also that the hydroxylated product contains the same 
number of carbon atoms as the original acids. In this way oleic acid pro- 
duces dihydroxystearic acid, linoleic acid produces sativic or tetrahydroxy- 
stearic acid and linolenic acid produces linusic or hexahydroxystearic acid. 
The clupanodonic acid of fish oils appears to offer an exception to this rule 
as it is broken down into simpler compounds. The experimentaf methods of 
Hazura are described by Lewkowitsch in the following way ; 

“ 30 grms. of liquid fatty acids are neutralised with 33 c.c. of caustic 
potash of 1*27 specific gravity. The resulting soa^^ is dissolved in 2000 c.c. 
of water, and an equal volume of a ij per cent, solution of potassium per- 
manganate is added in a thin stream with constant stirring. The colution is 
allowed to stand for ten minutes, and as much of a sulphurous acid solution 
added, with continuous agitation, as will diss^olvc all the precipitated h^tif<?ied 
manganese peroxide, and imparj to the solution an acid reaction. Dihydroxy- 
stearic and sativic acids are precipitated (A), whereas linusic and isolinusic 
acids remain dissolved (B). 

“ The precipitated acids (A) are first washed with a little ether, in order 
to remove some of the original liquid acids that have escaped oxidation, and 
then extracted with large quantities of ether at the ordinary temperature, 
2000 c.c. of ether being used for every 20 grams of the precipitate. The 
ethereal solution, containing dihydroxystearic acid, is evaporated down to 
150 c.c.; on cooling crystals are obtained which, after recrystallisation from 
alcohol , can be identified as dihydroxystearic acid by ^eir habitus ^ melting- 
point, molecular weight and acetyl value. The portion \diich is found to 
be insoluble in the cold ether is boiled out repeatedly with large quantities 
of water. Each quantity is ffftered off hot and allowed to deposit crystals 
on cooling. Each crop of crystals is examined separately. Sativic acid 
can be identified by ift mejjiing-point and crystalline form. Any insoluble 
acid represents dihydroxystearic acid which had not been dissolved by ether. 

, “ The acid filtrate (B) is neutralised with caustic potash, bailed down to 
one-twelfth or one-fourteenth of its original volume, and acidulated with 
sulphuric acid. The precipitate, consisting of a brown flocculent mass, is 
dried by exposure' to the air, and treated with ether, which dissolves azelaic 
acid and other secondary acidic products of oxidation. The insoluble portion 
is then crystallised, first from alcohol and then from water. Tsolinusic and 
linusic acids are recognised by their melting-points and crystalline forms: 
isolinusic acid presents under the microscope characteristic needles and 
linusic acid obtruncated rhombic plates. To effect a separation of the more 
soluble isolinusic acid from the less soluble linusic acid, the mass is 
recrystallised from a modeiiite quantity of \[^ater. By weighing the several 
acids thu3> obtained, the quantitative ccKuposition of the liquid acids may be 
estimatedF approximately . ” 
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It must be borne in mind that these methods have little quantitative 
significance, and are chiefly of value for detecting the constituents of a mixture. 
Modifications of the methods have been suggested by Fahrion, Farnsteiner 
and other workers, but no great improvements on the original work have 
been made; as has been already stated the whole problem of the investiga- 
tion of mixtures of fatty acids needs re-investigation on a large scale. 

A further method which may be used for the separation and isolation of 
the unsaturated acids depends upon the differences in the properties of their 
bromine derivatives. When oils are brominated, as described under the 
insoluble bromide value, dibromides are produced from oleic acid, tetra- 
bromides from linoleic acid, hexabromides from linolenic acid, and octo- 
bromides from the highly unsaturated acids of fish oils. Under the con- 
ditions of the experiment dibromides and tetrabromides are soluble, whilst 
the hexabromides and octobromides are insoluble and can be filtered off. 
Hexabromides are usually obtainable in a crystallisable condition, which 
melt to a clear liquid at about 180® — the octobromides on the other hand 
yield plastic precipitates which are difficult to filter, and which darken at 
about 200®, and decompose without fusing. Mixtures of hexabromides and 
octobromides can be separated by means of boiling benzene, Lewkowitsch 
having shown that the hexabromide separated from octobromide by means 
of benzene exhibits no trace of blackening when heated to its melting-point. 

Further yields of hexabromide and octobromide can frequently be 
obtained By slight concentration of the solution, but as a rule the M.Pts. 
are lo^^er. When these have been removed — their amount may be reduced 
tc* a minimum by the use of smay amounts of acetic acid and low tempera- 
tures — the mother liquors still contain the^di- and tetrabromides. The 
concentrated ethereal solution may be evaporated, washed with sodium 
thiosulphate solution to remove iodine, and evaporated to dryness. The 
residue is just dissolved in boiling petroleum ether (B.Pt. 40°-6o°) and 
allowed to crysiallise when practically the whole of the tetrabromide is 
deposited, the di bromide remaining in solution. 

Griin and Janko (J.S.C.L, 1922, 41, 21 A) suggest the preparation of the 
ethyl esters, and the bromination of these in carbon tetrachloride solution. 
The brominated esters are then distilled under 4 mm. pressure, when those 
of the saturated acids distil over up to 175°. 

• 

The Method of Alco^iolysis 

This method — which depends upon the fractional distillation of the 
methyl or ethyl esters of the fatty acids — has^ been extensively used by 
various workers for the resolution of complex mixtures of fatty acids into 
their constituents. It was originally described by A. Haller {Analyst^ i907> 
32, 52) who used it to determine the constitution of coconut oil, castor oil, 
linseed oil, etc. {Analyst, 1907, 32, 53; J.S.C.!., 1908, 27,'*234; 1907, 26, 
328), but the same idea had been suggested previously by Fox and Wanklyn, 
who, a number of years before {Analyst, 1884, 9, 73), described a process 
for the examination of butter fat, which depended upon the formation of 
ethyl butyrate on heating with alcoholic potash. ’’Phe method has been 
used by a large number of workers for various products. A list of the 
more important is given here : 

Henriques. “ The Ethyl Esters of the Fatty Acids of Almond Oil.'* 

Zeit, Angew, Chem,, 1898, ^5, 3^8. * 

H. Bull. “ The Alcoholysis oi Cod-Liver Oil." Analyst, 1907, * 
32,25. , ^ * 
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Meyer. “ The Alcoholysis of Cotton-Seed Oil.’* Chm» Zeit.t 

1907*31.793- . . ^ r 

Fourwan and Piettre. “ The Determination of the Composition of 
Complex Lipoids by Alcoholysis.” Analyst, 1912, 37, 463. 

Smedley. “The Composition of Butter Fat.” Biochm.J., 1912, 6, 451. 
G. D. Elsdon. “ Alcoholysis and the Composition of Coconut Oil.” 
Analyst, 1913, 38, 8. 

G. D. Elsdon. ” The Composition of Palm- Kernel Oil.” Analyst, 
1914. 39 * 78. 

M. Tsujimoto. “ The alcoholysis (Incomplete) of Japanese Sardine 
Oil and Herring Oil.” J.S.C.!., 1913, 32, 96. 

Holland, Reed and Buckley. ” Improved Methods for Fat Analysis.” 
Analyst, 1916, 41, 252. 

Crowther and Hynd. “ The Fatty Acids of Milk Fat.” Biochm.J,, 
1917* 139 - 

Holland and Buckley. ” The Composition of Butter Fat.” Analyst, 
1918, 43, 269. 

A. Grun. ” The Use of Esters for the Determination of the Acetyl 
Values.” Analyst, 1920, 45, 105. 

Jamieson, Baughman and Brauns. “ The Composition of Arachis 
Oil.” Analyst, igzi, 46, 

Holde and Wilke. “The Alcoholysis of Colza Oil.” J.S.C J,, 

1922, 41, 598A. • 

G. A. PerkinsS. “ The Preparation of the Ethyl Esters of Chaul- 
moogra and Cod-Liver Oils.” J.S.C^., 1922, 41, 996A. 

Holland and Buckley. The Composition of Butter Fat.” Analyst, 
1923* 48* 555 - 

A. Andr^. “ The Alcoholysis of Grape-Seed Oil.” Analyst, 

1923, 48, 290. 

A. Andr6. “ The Separation of Methyl olcate and Methyl linoleate.” 
J.S.C.L, 1923, 42, 364A. 

A. Marcan. “ The Use of the Ethyl Esters of Chaulmoogra Oil.” 
Analyst, 1924, 49, 88. 

Milligan, Knuth and Richardson. “ The Alcoholysis of Whale Oil.” 
Analyst, 1924, 49, 149. 

Jamieson and Baughman. “ Alcoholysis of Sesanx: Oil,” Analyst, 

1924, 49, 236. 

G. A. Perkins. “ Alcbholysis of Oils of the Chaulmoogra Series.” 
Analyst, 1924, 49, 236. 

Channon, Druinmoivd and Golding. “ The Variation in the Com- 
position of Butter Fat.” Analyst, 1924, 49, 311. 

. G. D. Elsdon. “ The Composition of Coconut Oil.” Analyst, 
1924, 49, 274. 

G. D. Elsdon. “ Alcoholysis and the Composition of Oils and 
Fats.” Analyst, 1924, 49, 423. 

W. N. Stokoe. “ The Composition of Coconut Qil.” Analyst, 
1924* 49 , 577 - 

John Allan. “ The Composition of Coconut Oil.” Analyst, 1925, 
50, 16. 

Armstrong, Allan and Moore. “ The Fatty Acid Constituents of 
Some Natural Fats.” J.S.C.L, 1925, 44, 63T. 

« & 

The ey.perimental method now used Is essentially that originally suggested 
by Hallef , but a number of details' have been ‘introduced with the idea of 
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removing some of the more obvious errors of the process and of obtaining 
roughly quantitative methods. The experimental details of the process 
of Crowther and Hynd in their work on butter fat are given below in detail, 
as they were a distinct improvement on those generally adopted up to that 
time. 

‘‘ 136*1 1 g. clarified fat were weighed off accurately into a round-bottomed 
litre flask and mixed with 214 c.c. absolute methyl alcohol containing 2*5 per 
cent, hydrogen chloride, and 323 c.c. pure dry ether. The flask used was 
fitted to a fairly long double-surface condenser by means of a ground-glass 
joint, and the condenser carried a delivery tube, which was bent twice at 
right angles, and led into a series of U-tubes, surrounded by a freezing 
mixture of ice and salt. The esterification mixture was then heated for 
twelve hours on a water-bath at a temperature just sufficient to keep the 
liquid refluxing gently. After allowing to cool thoroughly, the U-tubes 
were detached, and the small quantity of liquid (10 to 15 c.c.), which had 
collected, transferred to a litre graduated flask (A). The tubes were washed 
out with a little pure dry ether, and the washings also added to flask (A). 
The liquid’, which had collected in these tubes, was mainly ether, but at the 
same lime an appreciable quantity of methyl ester (methyl butyrate) was 
always found to be present. Consequently, if this precaution was not taken, 
loss of this ester resulted. 

“To the ether-alcoholic solution of esters in the reaction flask slightly 
more thi^i the calculated amount of barium carbonate was added to remove 
the free hydrogen chloride. Though the mixture was frequently shaken, 
vr-ffalisation proc^eeded slowly, but finally all the mineral acid was removed 
as indicated by Congo paper, ^^he flask was then fitted with a five-pear 
still head and the ether and methyl alcohol distilled off, using a long double- 
surface condenser, and collecting the distillate in a flask cooled in a freezing 
mixture. The distillate, which contained in addition to ether and alcohol 
the greater part of the butyric ester, was then transferred to flask (A), the 
collection flask being washed out with ether, and the washings also added to 
(A). The residue, which consisted of methyl esters, glycerol, barium 
chloride, the excess of barium carbonate used, and the traces of solvents, 
was transferred by means of ether to separating funnel and .shaken with 
brine. This caused^the ethereal solution of esters to separate out on top 
free from glyce^^ol which was held in the salt solution. The process was 
repeated three times, and the separated ethereal solution then dried over 
.anhydrous freshly ignited magnesium sulphate. After standing over night 
the magnesium sulphate was filtered off through a large Gooch crucible 
prepared in the usual way, and washed well with dry ether.” 

Fractional Distillation of Esters , — A 250 c. 5 . Claisen distilling flask was 
fitted with a dropping funnel and thermometer, a portion of the dried ethereal 
solution of esters introduced through the funnel, and the ether distiiled 
off carefully on the water-bath, the distillate being again collected in a cooled 
receiver, so as to avoid any loss of esters. As the ethor evaporated, more 
solution was added by means of the tap-funnel until the whole had been 
introduced, and finally the flask and funnel were washed with pure dry ether. 
When all the ether had been distilled off, the receiver was removed, its con- 
tents transferred to flask (A), and in its place was fitted a “ Perkin fractionation 
triangle.” The tap-funnel was removed from the straight neck of the Claisen 
flask, which was now fitted with a cork, carrying a tube drawn out to a very 
fine capillary, and reaching tq the bottom of t^e flask. The distillation of 
the esters was then carried out, at fiiet at ordinary pressure, and then in vacuo^ • 
the distilling flask being heated by means of an asbestos air-b^th. After 
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the fraction boiling about 140/15 mm. had been collected the condenser 
was dispensed with, and the residual esters transferred with ether to a smaller 
Claisen flask, the side limb of which was connected directly with the receiver. 

The first fraction that distilled over consisted mainly of ether, and conse- 
quently was added to the litre flask (A), which contained all the solvent 
alcohol and ether recovered from the process. The volume of this was 
now made up to the mark with pure alcohol (or ether) and the amount of 
methyl ester in solution determined as described below. 

It was found that, as a rule, the fractionation must be repeated three or 
four times before a sufficient separation was effected. Appended are the 
details of the final (third) fractionation in the experiment described : 


Table X. — Fractional Distillation of Esters 


Fraction. 

Temperature. 

°C. 

Pressure. 

mm. 

Weight. 

g- 

I 

65-130 

Atmospheric 

I -6690 


-150 

Atmospheric 

I *9662 

2 

S 3 - 75 

15 

3 

“IIO 

15 

1-3396 

4 

-135 


I *0886 

5 

”155 

^5 

2*4600 

6 

-185 

IS 

14-1852 


-200 



7 

184-190 

J 3 

18-3872 

8 

-197 

•13 

18*1542 

9 

-292 

13 

18*1230 

10 

“202 

12 

16*7630 

II 

-206 

12 

18*6558 

12 

“21 1 

12 

10*0762 

13 (residue) 

. . 

. . 

6*7827 


Total weight of fractions .... 129*6507 


The temperatures quoted for the various fractions indicate the points 
at which the first and last drops contained in the respective fractions came 
over. 

On comparison it will be, seen that the boiling-points given on p. 21, 
fall between these temperatures, and that it was about these points that the 
bulk of the fraction distilled. For example, in the above fractionation 
fraction 3 corresponds to (t/j on p. 140, fraction 5 to (/), fractions 7 to ii 
(inclusive) to (h). The collection of the last named in five .fractions was 
necessitated simply by the relatively large volume of distillate obtained at 
this stage, collection-tubes of uniform size being used for general convenience. 

Determination of Methyl Butyrate Volatilised with Solvents , — A 250 c.c. 
conical flask was fitted with a cork carrying a dropping funnel and a delivery 
tube, the latter being connected with a condenser. 20 c.c. of alcoholic KOH 
solution (roughly N/2) ,were transferred to the flask and 100 c.c. of the ether- 
alcoholic solution from flask (A) placed in the funnel, the stem of which, 
drawn out to deliver small drops, reached almost to the surface of the potash 
solution. The flask was then heated on the water-bath, and the ether- 
alcoholic solution allowed to^ drop in slowly, ,so that the volume in the flask 
remained about the same. When all thj solution had been added the dis- 
tillate was' transferred to the funnd, and the distillation repeated. All 
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the ester in the original solution was thus hydrolysed, and after cooling the 
contents of the flask a few drops of phenolphthalein were added, and the excess 
jf potash titrated with standard (roughly N/2) hydrochloric acid. 

A blank experiment was carried out at the same time, using a mixture 
rf 50 c.c. pure ether and 50 c.c. neutral alcohol in place of the ether-alcoholic 
solution of ester, and proceeding exactly as described above. From the 
difference between the two litres the amount of ester can be calculated if 
ihe reasonable assumption be made, that it consists solely of methyl butyrate, 
[n all cases the mean of^two closely-agreeing determinations was used in 
:alculating the results. 

Appended are the details for the analysis here described : 

c.c. HCl (N/i X 0-497) required. 



a 

b 

Blank experiment 

31-89 

31-86 

100 c.c. ester soln. . 

21-05 

21*00 

Difference . 

10*84 

10*86 

Mean litre . 

10*85 c.c. 


Hence weight of meth}^! butyrate in solution (1000 c.c.) 

= 10*85 X 10 X 0*497 X 0*1021 8* 

% =-5*507 g* 

If this weight be now added to the 129*651 g. of esters obtained in the 
raffionation, a total of 135 *158 g. esters is arrived at as having been obtained 
rom 136*11 g. of butter fat. , 

The various fractions obtained were then examined for their iodine 
ind saponification value from which values the proportion of each of the 
jsters present in each fraction, is calculated on the assumption that only 
hree are present, one of which is methyl oleate. Crowther and Hynd 
prepared an artificial mixture of fatty acids similar to that prepared from 
gutter fat and subjected this mixture to alcoholysis calculating the amounts 
)f the various acids present by the method suggested above. 


Table XI. — Alcoholysis of Fatty Acids (Crowther and Hynd) 


Acid. 

Wt of Esters cal from 
Wt. of And talten 

Wt. of Esters found 
by Analysis. 

Butyric 

g- 

5*03 

g- 

5-026 

Caproic .... 

1*89 

1-854 

Caprylic • . . . . 

1*21 

I -240 

Capric 

1*41 

1-467 

Laurie 

4’o6 

, 3-994 

Myristic .... 

21-76 

22 *Io 8 

Palmitic ^ . 

^5*30 

14*950 

Stearic . . . . • . 

1*32 

' 1*416 

Dihydroxystearic . 


• 0*210^ 

Oleic 

41 -98 

41-675 

Total weight 

93 96 g- 

93-940 g- 


* O' 2 1 g. Dihydroxysteanc ester wdbld be produced from 0'i88 g. pleic ester, 
herefore total weight of methyl oleate found =41 ‘863 g. I 
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These results are really remarkable, they would appear to be a complete 
vindication of the process, and yet it is difficult to understand how oleic 
acid can be present in the first fractions and yet stearic acid be absent in all 
fractions below the palmitic. The question has been discussed at length 
by Channon, Drummond and Golding (Analyst^ 1924, 49, 31 1), G. D. Elsdon 
{ihid., 1924, 49, 423), W. N. Stokoe {ibid., 1924, 49, 577), and John Allan 
{ibid., 1925, 50, 16). 

The question has been quite recently considered at length by Armstrong, 
Allan and Moore {J.S.C.L, 1925, 44, 63T), who consider that the capricious 
results obtained and the adverse opinions passed by previous workers are 
due to the fact that insufficient attention has been paid to the fractionation. 
They state that it is quite possible so to continue this that every alternate 
fraction consists of a pure ester whilst the intermediate fractions will consist 
of mixtures of two esters, but they do not state how many times it is necessary 
to refractionate in order to arrive at this condition. 

The method used by these authors is likely to form the basis of further 
work on the subject, so that it is included here in exienso. 

“ A quantity of the oil under examination, varying from 460 to 1000 g. 
or more, according to the anticipated complexity of the mixture of acids 
present, is saponified by means of alcoholic potash, and from the resulting 
potash soaps the fatty acids are obtained in the* usual manner. The fatty 
acids so obtained are examined to determine their mean molecular weight 
(saponification equivalent), and iodine value. On the iodine vaHic depends 
which of the following procedures is adopted : 

“ I. Should the fatty acids have a lo\f iodine value* say below 20^^ in 
the case of the nut oils, they a^e esterified (see below), and the esters fraction- 
ally distilled. By this means a fraction (or fractions) is obtained of high 
iodine value, which is more conveniently examined for the nature of the 
liquid acids, and admits more readily of their separation, than would the 
original mixture of acids. 

“2. In the case of a hard fat having an iodine value of say 20-45, the 
fatty acids are recrystallised from 70 per cent, aqueous alcohol until they 
are separated into two portions— one, the solid acids, of which the iodine 
value will have been reduced to ^ or 3, and the other a fraction containing 
practically all the liquid acids together with some G?‘the solid acids. This 
fraction of high iodine value is then separated into its solfti and liquid acids 
by means of the Gusserow-Varrentrapp method. The solid and liquid 
acids so obtained are then separately esterified and the esters examined as 
described below. 

“3. In the case of soff fats, such as greases, palm oils, and liquid oils, 
the whole mixture of fatty acids is submitted to the Gusserow-Varrentrapp 
(fead-sall -ether) process, and the resulting solid and liquid acids are separately 
esterified and the esters examined as described below. 

“ When using the Gusserow-Varrentrapp method the solid acids are 
generally left contaminated with liquid acids, and in consequence may show 
an appreciable iodine value. In such cases they are crvstSllised from 70 
per cent, aqueous aloohol before esterifying, and the small quantity of acids 
remaining in the alcoholic solution is again submitted to the Gusserow- 
Varrentrapp separation. ’ 

“ The esterification of the acids is carried out as follows : A quantity 

g*) fatty acids is dissolved in i^po g. of absolute alcohol, and to 
the solution there are added 150 g. 0^ concentrated sulphuric acid. In the 
case of liquid acids 100 g. of sulphfiric acid will be desirable. After boiling 
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for about three hours tho mixture is allowed to cool and the supernatant 
layer of esters separated. The alcoholic liquor is then concentrated to about 
half its original volume, cooled, poured into water, and the esters are collected 
by extraction with petrol ether. The petrol ether solution and the previously 
separated esters are united and the solution is washed, first with water to 
remove alcohol and mineral acid, and subsequently with aqueous soda 
solution to remove any free fatty acids. (Such free fatty acids should be 
recovered from their sodium salts, esterified, and united with the bulk.) 

“ On removing the solvent the ethyl esters are obtained as a light brown 
liquid which, after distilling under reduced pressure, forms a colourless 
liquid or semi-crystalline mass, agreeing very closely in mean molecular 
weight (saponification equivalent) and iodine value with the theoretical 
figures for the ethyl esters of the original fatty acids. Since the war really 
pure methyl alcohol has been difficult to procure (this would not appear to 
be necessary) hence the use of ethyl alcohol. Under no circumstances do 
we use the Haller method of alcoholysis. We consider this method to be 
quite unsuitable for the preparation of pure esters, as there is no means of 
separating the unchanged glycerides which are always present. 

“ The fractional distillation of the esters is, of course, carried out under 
reduced pressure. For thp last twelve years we have used Pfeiffer-oil pumps 
of considerable capacity. These, when well tended, will maintain a pressure 
of 3-5 mijp. for hours on end — a great help where constancy of pressure is 
indispensable. 

“^The distillation flasks are a ijiodification of what are known ao Ladenburg 
disTillation flasks. They vary in capacity from 50 to 500 c.c., and are 
provided with a two-bulbed neck, which, when packed with glass Raschig 
rings, forms a fractionating column to 7 in. high. These flasks were 
introduced and largely used by R. Willstatter, and are very efficient. 

“ Distillation should proceed at the rate of twenty small drops per 
minute.** 

As a result of such an investigation in the case of coconut oil, they 
obtained 718 grams of ethyl esters, from which the following fractions were 
ultimately obtained. 

Table XII. — Fp\ctional Distillation of Ethyl Este 
« Coconut Oil 


Fraction. 

BP. 

(3-5 mm ). 

°C 

Weight. 

g 

( 

! 

Iodine 

Value. 

.No. I 

51 

51 

171-5 

Nil. 

2 

51-70 

18 

172*9 

it 

3 

70-71 

27 

199*7 

y» 

4 

71-100 

35 

224-7 

it 

. 5 

I 00- I 02 

1 231 

227*6 

»> 

* 6 

I02-I2I 

128 

233-2 ' 

it 

7 

I2I-123 

81 

256*2 • 

0*3 

8 

>123 

147 

289*1 * 

30*2 


It will be observed that the iodine values of the various fractions are 
quite different in proportioil frejp those ol^tained by Crowther and 
Hynd (v.s.). , 

Further ^ork on this subject is desirable. It may be that aliong these 
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lines a method of separating fatty acids may be devised, but it is bound to 
be laborious, and in its present form can never become a routine laboratory 
method. 

The Duclaux Method, — This method {Ann, Chitn. Phys,^ 1874, 2 , 289) was 
designed to determine the proportions of a mixture of volatile fatty acids by 
means of the determination of the rate at which they distil from an aqueous 
solution. The method has been studied at length by H. D. Richmond {Analyst^ 
1908, 33, 209, 305; 1917, 42, 125, 133; 1919, 44, 255); Upson, Plum and 
Schott {ibid., 1917, 42, 214) ; A. R. Lamb {ibtd., 15^7, 42, 214) ; D. C. Dyer 
{J.S.C.!., 1917, 36, 236); Bockhout and de Vries {Analyst, 1917, 42, 149); 
Gillespie and Walters {ibid., 1917, 42, 389) ; Reilly and Hickinbottom {J.S.C.I., 
1919, 38, 913 A); Wiegner and Magasanik {Analyst, 1920, 45, 24); and 
W. Arnold {J.S.C.I., 1922, 41, 181 A). The most thorough investigation of the 
subject is that by Richmond {Analyst, 1919, 44, 255), where lengthy tables 
are given for the distillation constants of the acids from formic acid to caproic 
acid. This paper should be consulted by all those interested in the subject. 

Individual Acids 

Acetic Acid. — The following method is proposed by R.D. Crowell {Analyst, 
1918, 43, 172) for the separation of acetic, propiouic and butyric acids : 

Fifty c.c. of the solution are measured out into a precipitating jar, 2*5 c.c. 
of 50 per cent, sulphuric acid are added, and sufficient solid silver sulphate 
to precipitate all the chlorides present. The mixture is stirred with an 
electric stirrer, and should show, on testing,.an excess of silver. It is filtered 
and 25 c.c. of the filtrate are distilled with to c.c. of 33 per cent, phosphoric 
acid in the usual manner for total volatile acids. Distillation is carried on 
until the residue amounts to 20 c.c., and repeated three limes with the 
addition of 20 c.c. of carbon dioxide-free water each time. The distillate is 
titrated with N/4 sodium hydroxide, and the neutral liquid boiled down to 
about 8 c.c. and transferred to a tared weighing-bottle, in which it is 
evaporated to dryness on the steam -bath, and then dried at 220° for twelve 
hours and weighed. The total acidity, expressed as sodium acetate, sub- 
tracted from the total salt weight, gives the weight of total CHg groups, 
which, multiplied by 4*2, gives the quantity per 100 c.c. of the sample 
solution. Another portion of the standard solution 50 c.c.) is treated as 
before for the removal of chlorides; 100 c.c. of the filtrate *are distilled with 
20 c.c. of phosphoric acid, as before, for total volatile acids. The distillate 
is titrated with N/4 barium hydroxide, and the solution is evaporated to a 
volume of 5 -8 c.c. The concentrated liquid is then acidified with N/4 
hydrochloric acid equivalent to the titration value. The acid liquid is 
transferred to a 300 c.c. separating funnel, and the flask rinsed out with two 
portions of 25 c.c. of the salting solution and two portions of 25 c.c. each of 
filtered kerosene. On thorough shaking, the butyric acid, together with 
some of the propionic, enters the kerosene layer. The salt solution is drawn 
off and the kerosene washed with a further 10 c.c. of salt solution. The 
kerosene in the separating funnel is treated with 150 c.c. of carbon dioxide- 
free water, and the y^hole is titrated with N/4‘ barium hydroxide with 
frequent shaking. At the neutral point, the aqueous solution is drawn off 
into a 250 c.c, flask and diluted to the mark with washings of the kerosene. 
The whole solution is treated with 12*5 c.c. of 50 per cent, sulphuric acid and 
3 grams of solid silver sulghate, and 200 c.c. are distilled with 40 c.c. of 
phosphoric acid for volatile acids as Ijieforc?. The distillate, titrated with 
N/4 sodium hydroxide, is evaporated and th^ sodium salts are dried at 
200 C. ai before. The sodium propionate equivalent of the titration value, 
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subtracted from the salt weight, gives the weight of CHg groups present 
as butyric acid in the distillate. This value, calculated in terms of 100 c.c. 
of the standard sample, has to be corrected by a factor F determined by the 
analysis of known mixtures, the average value of F being 1*120. The cor- 
rected value for CHg groups due to butyric acid, subtracted from the total 
CH2 groups found in the first operation, gives the CHj groups due to pro- 
pionic acid, and the acetic acid is found by the difference between the total 
volatile activity and the combined butyric and propionic equivalents. 

This method is said to give useful results, having an accuracy of 3 to 4 
per cent. (cf. also butyric acid below). 

Acetic acid has not definitely been discovered in natural fats, but the 
following observers report some evidence in this direction. K. Bhaduri 
(J.iS.C./., 1914, 33» 266) in the oil of Argemone MexicanUy Dunbar and 
Binnewies (ihid,y 1920, 39, 346A), in the oil of the proso millet, and A. W. 
Knapp (ihid,y 1923, 42, 508A) in cacao butter, in addition to earlier observa- 
tions by other workers. 

Butyric Acid . — This acid maj'^ be separated from propionic and acetic 
acids as described under acetic acid above. According to A. Lasserre 
{Analyst^ 1908, 33, 133) acetic and formic acids may be separated from 
butyric and valeric acids by extracting the aqueous solution of the mixed 
acids with benzene, in which only the last-named acid dissolves, and from 
which they may be recovered by treatment with baryta. This method has 
been studied by T. R. Hodgson {ibid.y 1909, 34, 435), and by Keane and 
Narracott {ibid.y 1909, 34, 436). Hodgson finds that the best results are 
obtjKned when a volume of benz^e is employed equal to twice that of the 
volume of the acid solution to be extracted ; under these conditions he finds 
that although it cannot lay claim to any high degree of accuracy, yet useful 
results can be obtained in many cases. Keane and Narracott, on the other 
hand, find that the method does not rest upon a satisfactory basis and that 
considerable variations are likely to be obtained. 

Phelps and Palmer {J.S.CJ.y 1917, 36, 567) have devised a method 
for the separation of butyric acid from formic and acetic acids by the solubility 
of the quinine salts in carbon tetrachloride. The solution containing the 
three acids is neutralised with barium hydroxide solution, a quantity of 
quinine sulphate sufficient to precipitate the barium is added, the barium 
sulphate is separated by Nitration, and the filtrate is evaporated under reduced 
pressure; the residue obtained is then extracted with carbon tetrachloride 
and the quinine butyrate recovered by evaporating the solvent. From 
89*7 to 100*5 cent, of the butyric acid present is found by the process. 
The solubilities of quinine butyrate and quinine propionate are so nearly 
alike that only a partial separation of these two salts can be effected, but 
the propionate^ may be separated readily from the formate. The M.Pts. 
and solubilities of the quinine salts mentioned are as follows : 

Table XIII. — Melting-points and Solubilities of Quinine Salts 


» 

M.Pt. 

°C. 

Solubility in 
Carbon Tetra- 
*' chloride. 

Quinine formate 

110*0-113*0 

I in 16,000 

„ acetate . 

1 24 *0-1 26*0 

I „ 2,000 

„ propionate ^ . 

110*5-111 C 

I » 450 

„ butyrate . . ( 

. 77*5 

I 1. 25 

„ sulphate 

S 

* 214*0 

I „ 40,000 ^ 
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E. Fyleman {ibid., 1924, 43, 142T) has suggested a method for Ae 
determination of butyric acid in the presence of acetic acid by its selective 
oxidation by means of potassium dichromate solution in sulphuric acid of a 
definite strength. 

A test for butyric acid, which depends upon the development of a pink 
colour on treating a dilute solution of butyric acid with hydrogen peroxide 
in the presence of ferrous iron, and, after the removal of the iron, adding 
sodium nitroprusside and acidifying, has been suggested by G. Deniges 
{Analyst, 1918, 43, 145). Although this reaction is not given by acetic acid 
it has been shown by F. Bamford {ibid., 1924, 49, *226) that both caproic and 
caprylic acid give the same colour and that the test is not specific for butyric 
acid. 

Butyric acid occurs, to a considerable extent, in butter, whilst O. von 
Friedrichs {J.S.C.I., 1920, 39, 304A) states that it occurs to the extent of 
0*14 per cent, in fir-seed oil. 

The action of butyric acid on aluminium is discussed by Seligman and 
Williams {J.S.C.I., 1916, 35, 88), whilst the viscosity has been studied by 
A. E. Dunstan {J.C.S., 1915, 107, 667). 

Caproic, Caprylic and Capric Acids . — The separation of these acids has 
been considered by Gsell {Analyst, 1907, 32, 95) who bases a method on the 
formation of the anhydrides. Lcwkowitsch, however {J.C.S., Proc. 1890, 
91), considers that this method is unreliable and further work is desirable 
to decide between these two opinions. A useful method for then separation 
of these acids is that by fractional precipitation of the lithium salts already 
mentioned on page 49 above. - ^ 

Laurie and Myristic Acids . — The sef^aration of these acids has been 
studied by Jacobson and Holmes {J.S.C.I., 1916, 35, 696), who devised 
a method for the separation of lauric acid when present in a mixture of 
myristic, palmitic and stearic acids and a method for the separation of myristic 
acid from a mixture in which it occurs together with palmitic and stearic 
acids. They describe a separation of the former in the following way : 

“ A mixture of 0-5 grm. of each of the four acids was converted into 
potassium soaps and, after evaporating off the alcohol, was taken up in 400 c.c. 
of water and precipitated with a^ slight excess of lithium acetate solution. 
In this case the precipitated lithium salts weighed 1-562 grms. equivalent to 
1*527 grms. of acid mixture, which was 76*3 per cSit. of the original acid 
mixture, whereas 75 per cent, should have been obtained if the separation 
had been perfect. * 

“ The filtrate was concentrated to one-half its volume, cooled, and filtered, 
yielding a precipitate weighing 0*208 grm., and the acid obtained from this 
precipitate yielded a neutralisation value of 278*3, and had a melting-point 
of 43 *2°, whereas the acid obtained by evaporating the filtrate to dryness 
gave a neutralisation value of 271*2 and the same melting-point. Calculated 
for lauric acid; 280-5 and 43*6''' respectively. 

“ The water-insoluble salts from this separation yielded an acid mixture 
having a neutralisation value of 217*5, w^hercas a mixture of equal quantities 
of myristic, palmitic and stearic acids gives a neutralisation V^ue of 220*9.*^ 

Whilst the second they carry out as follows ; 

“ 0*5 grm. each of magnesium myristate, palmitate, and stearate were 
digested with 60 c.c. of 50 per cent, alcohol for 2 hours at 60°, then cooled, 
and filtered. The fatty acids were liberated from the filtrate, washed, dried, 
and weighed, giving 0*270 grm. with a meltiqg-point of 48*6° and a neutralisa- 
tion value of 243. Since the yield wa»only about one-half of what it should 
be, the y soluble salts were again extracted witb alcohol in the same manner. 
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yielding an insoluble residue weighing 0*928 grm, This time the acids 
were liberated from the insoluble residue and after being recrystallised from 
60 per cent, alcohol showed a melting-point of 56*5® and a neutralisation 
value of 209 *3 . Calculated for a mixture of equal parts of stearic and palmitic 
acids; 56*4° and 208*3 respectively.” 

Palmitic Acid. — Palmitic acid is not easy to determine, in fact, no simple 
direct method has yet been suggested. It will remain with the stearic acid 
in the method of Jacobson and Holmes, and this mixture may then be separated 
by means of the method of Hehner and Mitchell described below under 
stearic acid, palmitic acid being determined by difference. Patel, Sudborough 
and Watson (J.S.C.Ly 1923, 42, 987 A) have suggested that mixtures of stearic 
acid and palmitic acid may be examined by means of the melting-points of the 
methyl esters, of which they give tables. E. Andre {ibid., 1922, 41, 63 9 A) 
separates the acid from stearic acid by means of the fractional precipitation 
of the lithium salts from 95 per cent, alcohol. 

Stearic Acid. — Some suggestions for the separation of palmitic and 
stearic acids are given under the former above. I’he usual method adopted 
for the deterhiination of stearic acid is that due to Hehner and Mitchell 
{Analyst^ 1896, 21, 321), which depends upon the fact that stearic acid is only 
slightly soluble in alcohol (S.G. 0-8183) 0°. This process may be carried 

out in the following way : * 

Dissolve 3*5 grms. pure stearic acid in 500 c.c. of alcohol S.G. *8183 
( =94*4 per‘\:ent. by volume) in a stoppered bottle, and place in ice and water 
overnight. Next day, siphon off the supernatant alcohol by means of a 
thistic funnel, tied over the end |vith fine muslin, and connected with a 
vacuum-flask and filter-pump. Weigh into a squat wide-mouthed flask i grm. 
of solid (or 5 grms. if liquid) acid, and dissolve in 100 c.c. of above alcohol 
solution. Cool to in ice overnight, and agitate to promote crystallisation. 
Filter off alcohol as before, keeping flask immersed in ice-water, using thistle 
funnel and vacuum-flask. Wash residue with three lots of 10 c.c. alcoholic 
stearic solution at 0°. Dissolve crystals adhering to muslin of thistle funnel 
with ether and add to flask, evaporate ofl', dry at 100° and weigh. Ascertain 
M.Pt. : should be not under 68*5® C.; if too low the treatment should be 
repeated. (In order to test if free from fatt}^ acids of higher molecular weight, 
titrate with standard alkali.) Subtract from weight of crystals obtained *005 
grm. to allow for Jjtearic acid due to alcoholic solution used. The balance 
of crystals is calculated to stearic acid per cent. 

. This process, on account of certain peculiarities which are probably 
due to supersaturation effects, but which have not yet been quite satisfactorily 
worked out, is apt to give capricious results unless the conditions are very 
carefully followed. Various workers have found that although certain fats 
give no precipitate in the test under ordinary conditions, yet when stearic 
acid is added to the fatty acids more is obtained on crystallisation than was 
put in. On this point reference should be made to the paper of Holland, 
Reed and Buckley {Analyst, 1916, 41, 209) and to a note by Mitchell {Analyst, 
1924, 49, 515). Where this method is used, therefore, it is desirable to add 
about o-i gran? of stearic .acid and to subtract this from the final result. 
Mitchell suggests getting over the difficulty by shaking* the flask vigorously 
after twelve hours and then allowing to stand a further 12 hours in the ice- 
water. The method appears to break down entirely in the case of japan-wax. 

Arachidic and Lignoceric Acids. — These are determined together as 
described under arachis oil on pa^je 260. 

The Unsaturated Fatty Ac^s. — When these consist entirely of oleic 
acid its amount can, of course, be calculated directly from the iodiije value 
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by simple proportion, whilst the presence of material quantities of more 
highly unsaturated acids will be indicated by a greater absorption of iodine 
than could be explained by loo per cent, of oleic acid; where any amount 
of linolenic or more highly unsaturated acids are present they may be detected 
and approximately determined by means of the insoluble bromide value 
detailed on page 129. In the absence of such acids the proportion of oleic 
tojinoleic acid in the liquid fatty acid may be determined to a certain extent 
simply from a determination of their iodine value. The further treatment 
of the bromine derivatives has already been explqjned on page 51. 



CHAPTER VI 


GLYCEROL 

As has been already (page 12) explained at length glycerol, a trihydric alcohol, 
is an important constituent of oils and fats, from whence it is set free during 
saponification. Glycerol may also be prepared by fermentation processes 
(Connstein and Ludecke, J.S.C./., 1919, 38, 691A), but this latter process 
has not yet become a commercial proposition. 

Chemically pure glycerol has a melting-point of 18^, whilst the boiling- 
point is 290° at 760 mm,, 210° at 50 mm., 162^^ at 10 mm., and 143° at 0*2 mm. 
The S.G. at 15^ is 1*2655. Such glycerol is, however, not easily obtainable 
on account of its hygroscopic nature. It is a colourless, transparent syrup 
liquid having a sweet burning taste, and miscible with water and with alcohol. 
It is insoluble in ether, chloroform or fixed oils. 

Under normal conditions it is not usual to obtain glycerol in the 
crystalline condition, allhoilgh slow crystallisation can be started by seeding 
with a crystal of the material when the bulk is well cooled. On one occasion, 
during a spell of cold winter weather, the author observed that a bottle 
labelled glycerol contained a considerable number of beautiful large crystals, 
whi<;h on examination proved to glycerol only ; this was a case of spon- 
taneous crystallisation. 

The B.P. contains the following requirements for the commercially pure 
substance: “ Neutral to litmus. An aqueous solution (1 in lo) yields no 
characteristic reactions for ammonium, chlorides, or sulphates. Assumes, 
when heated, not more than a faint yellow but no pink colouration, and yields 
not more than a very slight charred residue and no odour of burnt sugar 
(absence of sugar). Undergoes no darkening in colour when mixed with an 
equal volume of solution of ammonia and a few drops of solution of silver 
nitrate, the mixture being kept protected from light and the observation being 
made after a lapse of five minutes (absence of formic acid, acrolein). Gently 
warmed with an egual volume of diluted sulphuric acid, the mixture being 
vigorously shaken, not more than a faint odour is noticeable (absence of 
• fa^ty acids). Shaken with an equal volume of* sulphuric acid, the mixture 
being kept cool, not more than a very slight straw colouration is produced 
(absence of extraneous organic matter). A mixture pf 10 millilitres of glycerin 
with 40 millilitres of water, i drop of solution of ammonia, and i drop of 
solution of tann^ acid, assumes not more than a faint and transient pink on 
purple colouration (limit of iron).” 

Lead and copper should be absent, and there should not be a greater 
quantity of arsenic present tlian 4 parts per million. For oil examination it 
is particularly desirable that the glycerol used should be free from volatile 
fatty acids. Mhny samples of glycerol yield blank tests when treated 
by the Reichert-Polenske process of 2*0 and more, l^iere is no necessity 
for such a blank to exceed 0*2 or 0-3, and other samples should be 
discarded. 

The Determination of Glycerol 

I. Physical Methods , — The strengtlf of glycerol and water solutions, in 
the absence of other materials, may be ^djudged either from the specific 
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f ravity or from the refractive index. A table has been compiled by Lew- 
owitsch, giving the specific gravities of solutions of glycerol according to 
various observers, this table will be found in the Appendix on page 481 . The 
coefficient of expansion of pure glycerol may be taken as practically o-ooo6 
for each degree centigrade, but will, of course, vary with the concentration. 
The following table, which gives the specific gravity of glycerol of various 
strengths and at various temperatures, has been compiled by E. Lewis 
(y.S.C.1., 1922, 41, 97T). 


Table XIV. — Specific Gravity 6f Glycerol 


f) 

/f) 

Gly. 

15751”. 

20°/20'*. 

25°/25^ 

30750” 

3573.5°. 

4o”/40°. 

45°;45°- 

50750”.' 

5 

I -0122 

1 *0117 

1*0113 

1*0108 

I *0103 

00 

0 

0 

1 *0092 

I *0087 

10 

I -0245 

1 0237 

1-0233 

I 0227 

1*0221 

1*0215 

I *0209 

I *0203 

15 

I -0370 

1-0358 

1*0354 

1*0350 

I -0346 

I *0340 

1 *0334 

1*0328 

20 

1*0495 

I 0489 

1*0481 

1*0474 

I *0467 

I *0460 

1*0453 

I *0446 

25 

1*0621 

I *0610 

I *0605 

I *0600 

1*0593 ■ 

I *0586 

1*0579 

1*0572 

30 

1*0753 

I *0747 

1 *0737 

i 0729 

1*0721 1 

1-0713 

I *0705 

I *0697 

35 

1*0885 

I *0880 

1 *0869 

1 0861 

1-0853 : 

I -0845 

1*0837 

1*0829 

40 

1*1023 

1*1017 

1*0905 

1*0896 

1*0887 1 

I *0878 

I *0969 

I *0960 

45 

1*1156 

1*1150 

1*1142 

1*1134 

I-II25 : 

I *1116 

i-iioT 

1*1095 

50 

i *1290 

1-1283 

1*1274 

1*1263 

I-I253 1 

I *1240 

1*1229 

1*1220 

• 


This same observer (loc.^cit.) has also compiled a table giving the com- 
position of solutions of glycerol of varying specific gravities at 20°/2o'’, 
which is as follows : 


'rABLE XV. — Percentages of Glycerol in Aqueous Solutions 


Sp Gr at 

g. Gly. 

c c. Glyc 


c.r. Glyc. 

20"/ 20" C. 

m 100 g. 

111 100 g. 

in 100 c c. , 

Ill 100 c.c. 

1*0117 

5*00 

4*94 

5-06 

4*09 

1 *0237 

10*00 

9-76 

IOV24 

8*10 

1-0358 

15*00 

14-48 

15-54 

• 12*30 

I *0489 

20*00 

19 06 

20*98 

1 6 *60 

1*0610 

25*00 

23-56 

26-53 

21*00 

1*0747 

30*00 

27*91 

32*24 

25-52 

I *0880 

'35*00 

32*17 

38-08 

30-05 

I *1017 

40*00 

36-31 

44-07 

i 34-89 

1-1150 

45*00 

40-36 

50-17 

39-72 

1-1283 

50*00 

44-31 

56-41 

44-56 

I 1418 

55*00 

48-17 

62-80 

49-72 

11550 

60*00 

51-95 

69-30 

54-86 

I *1691 

65*00 

55-59 

75-99 

6p*i6 

1*1827 

70*00 

59-18 

82-79 

! 65-54 

I *1964 

75*00 

62*69 

89-73 

71-04 

1*2091 

1 80*00 

66*16 

96-73 

78-58 

1*2237 

85*00 

69*46 

104*01 

82-35 

1-2368 

, 90*00 

72*77 

111*31 

88-13 

I *2506 

95*00 

,75-96^ 

ii8*8i 

94*06 

1*2631 

100*00 

79-17 

126*31 

100*00 


f 



The specific gravity of glycerol solutions has also been determined by 
Henkel and Roth (Z. /. angezv, Ckem,, 1905, 19, 1936); by Griin and Wirth 
1919, 38, 295A) ; and by H. Wolff (J.5.&./., 1919, 38, 470A). 

The refractive index is another valuable method of determination of 
the strength of glycerol solutions. The table given in the Appendix on page 
480 gives the refractive index of glycerol solution according to the observa- 
tions of Lenz, Strohmer and Skalweit respectively. The change in refrac- 
tive index for 1° C. alters with the concentration; in the case of pure water 
it is o*oooo8, whilst in the case of 95 per cent, glycerol it is 0*00032. Lenz 
has compiled a table whiJh gives the difference between the refractive index 
of pure water and that for solutions of glycerol of various strengths, this 
table, which can be used by determining the figures for w^ater and the 
glycerol^ solution in the same instrument and at the same temperature, is 
accurate at about 12*5°. 


Table XVI. — Refractive Index of Glycerol Solutions 


Glycerol. 

Glycerol 

Water. 

Glycerol. 

c 

Glycerol 

Water. 

Glycerol. 

Glycerol 

Water. 

Glycerol. 

^ ^rpi 
Glycerol 

"”lpi 

Water. 

Per cent. 


Per cent. 


j 

Per cent. 


Per cent. 


100 

•0*1424 

74 

0*1046 

48 

0-0645 

22 

0*0288 

99 

0*1410 

73 

01032 

47 

0*0630 

21 

0*0275 

• 98 

0*1395 

72 

0*1918 

46 

0*0616 

20 

0*0261 

97 

0-1381 

71 

0*1003 

45. 

0*060 1 

19 

0*0238 

96 

0*1366 

70 

0*0987 

41- 

0-0587 

18 

0*0225 

95 

0*1352 

69 

0*0970 

43 

0*0572 

17 

0*0212 

94 

0*1337 

68 

0*0952 

42 

0-0556 

16 

0*0199 

93 

0*1323 

67 

0*0933 

41 

0-0541 

15 

0*0186 

92 

0*1308 

66 

00915 

40 

0 

6 

Cn 

Is) 

C^ 

14 

0-0173 

91 

0*1294 

65 

0*0897 

39 

0*0510 

13 

o*oi6o 

90 

01279 

64 

0*0889 

3« 

0*0495 

12 

0*0146 

89 

0*1264 

63 

o*o86i 

•37 

0*0479 

11 

0*0133 

88 

0*1250 

62 

0*0842 

3b 

0*0464 

10 

0*0120 

87 

0*1235, 


0*0824 

35 

0-0451 

9 

0*0108 

86 

0*1221 

60 

0*0806 

34 

0-0438 

8 

0*0096 

85 

0*1206 

59 

0*0792 

33 • 

0*0424 

7 

0*0083 

84 

0*1191 

58 

0*0780 

32 

00411 

6 

0*0071 

83 

0*1177 

57 

0*0768 

3 ^ 

00398 

5 

0*0058 

82 

0*1162 

56 

0*0757 

30 

0-0385 

4 

0*0046 

81 

0*1148 

55 

0-0745 

29 

0*0372 

3 

0*0033 

80 

0*1133 

54 

0*0731 

28 

0-0358 

2 

0*0021 

79 

0*1119 

53 

0*0717 

27 

0-0345 

I 

o*ooo8 

78 

0*1104 

52 

0*0702 

26 

0*0332 

0 

0*0000 

77 

01090 

51 

0*0688 

25 

0-0318 



76 

0-1875 

50 

0*0663 

24 

0*0315 



75 

o*io6i 

49 

0*0659 

23 

0*0302 




The refraction of glycerol solutions has also been determined by Griin 
and Wirth (J.S.CJ., 1919, 38!, 295A), and byfH. Wolff (J.S.C.L, 1919, 
38, 470A). 9 

Griin and Wirth {loc. cit^) consider that the boiling-point method is the 
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most accurate way of determining the concentration of aqueous solutions of 
glycerol. They have determined the boiling-point of solutions of various 
strengths. This work has been repeated by E. Lewis (J.S.CJ.f 1922, 4I9 
97T) whose results, given in the table below, agree closely with those of the 
earlier workers. 


Table XVII.— Boiling-Points of Aqueous Solutions of Glycerol 
AT 760 MM. Pressure (Lewis) 


% Glycerol. 

X. 

?o Glycerol. 

X. 

% Glycerol. 

“C. 

100 

290*0 

90 

137-5 

40 

164*2 

99 

225-5 

85 

126*8 

35 

103-5 

98 

i960 

80 

121*5 

30 

103*0 

97 

179-5 

75 

116-5 

25 

102*4 

96 

i68-o 

70 

II3-5 

20 

! . 102*0 

95 

1600 

65 

III *0 

^5 

101*5 

94 

1560 

60 

io8*8 

10 

101*0 

9.3 

149-5 

55 

107*2 • 

5 

100*5 

92 

145-5 

50 

io6-o 



9 ^ 

141 -0 

45 1 

105-5 


• 


The boiling-point of glycerol soliitioiis has also been studied by Ton 
Mayer-Bugstrorn (J.S.CJ., 1924, 43, B877). 

1. M. Kolthoff 1918, 37, 250A) has suggested a method for 

the determination of water in glycerol by means of the observation of the 
temf)eraturcs of miscibility with pure aniline under standard conditions. 

2. Chemical Methods. — llehner's bichromate Method . — This method 
depends upon the oxidation of glycerol with a solution of potassium 
dichromate, the following procedure is that adopted by the International 
Committee on Glycerin Analysis. ^ 

Reagents required : 

(«) Pure Potassium Bichromate powdered and" dried^ in air free from 
dust or organic vapours, at 110'^’ to i2o‘^ C, This is taken as the standard. 

(b) Dilute Bichromate sokjtion— 7*4564 grins, of the above bichromate 
(a) are dissolved in distilled water, and the solution made to i litre at 15-5° C. 

(c) Ferrous Ammoniunj^ Sulphate. — Dissolve 3*7282 grms, of potassium 
bichromate {a) in 50 c.c. of water. Add 50 c.c. of 50 per cent, (by volume) 
sulphuric acid, and to the cold undiluted solution add from a weighing- 
bottle a moderate excess of the ferrous ammonium sulphate, and titrate 
back with the dilute bichromate {b). Calculate the value of the ferrous salt 
in terms of bichromate. 

(d) Silver Carbonate. — This is prepaicd as required for each test from 
140 c.c. of 0*5 per cent, silver sulphate solution by precipitation with about 
4*9 c.c. N/i sodium carbonate solution (a little less than the calculated quan- 
tity of N/i sodium carbonate should be used ; any excess of alkali carbonate 
prevents rapid settling). Settle, decant, and wash once by decantation. 

(e) Subacetate of Lead. — Boil a pure 10 per cent, lead acetate solution 
with an excess of litharge f^^r one hour, keeping the volume constant, and filter 
while hot. Disregard any precipitate 'i\'hich subsequently forms. Preserve 
out of contact with carbon dioxide.' 
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(/) Potassium Ferricyanide. — very dilute solution containing about 
0*1 per cent. 

The Method , — Weigh 20 grms. of the glycerol, dilute to 250 c.c., and 
take 25 c.c. Add the silver carbonate, Slow to stand, with occasional 
agitation, for about ten minutes, and add a slight excess (about 5 c.c. in most 
cases) of the basic lead acetate (e), allow to stand a few minutes, dilute with 
distilled water to 100 c.c., and then add 0*15 c.c. to compensate for the 
volume of the precipitate,^ mix thoroughly, filter through an air-dry filter into 
a suitable narrow-mouthed vessel, rejecting the first lo c.c. and return 
filtrate if not clear and bright. Test a portion of the filtrate with a little 
basic lead acetate, which should produce no further precipitate. (In the 
great majority of cases 5 c.c. is ample.) Occasionally a crude glycerol 
will he found requiring more, and in this case another aliquot of 25 c.c, 
of the dilute glycerol should be taken and purified with 6 c.c. of the basic 
acetate. Care must be taken to avoid a marked excess of basic acetate. 

Measure off 25 c.c. of the clear filtrate into a glass flask or beaker (pre- 
viously cleaned with potassium bichromate and sulphuric acid). Add 12 
drops of sulphuric acid (i 14) to precipitate the small excess of lead as sul- 
phate. Add 3*7282 grms. of the powdered potassium bichromate (a). 
Rinse down the bichromate with 25 c.c. of water, and stand with occasional 
shaking until all the bichromate is dissolved (no reduction will take place). 

Now Aid 50 c.c. of 50 per cent, sulphuric acid (by volume) and immerse 
the vessel in boiling water for two hours, and keep protected from dust 
and organic vapours, such as alcc^iol, until the titration is completed. Add 
from a weighing-bottle a slight excess of the ferrous ammonium sulphate (c), 
making spot tests on a porcelain plate with the potassium ferricyanide. 
Titrate back with the dilute bichromate. From the amount of bichromate 
reduced calculate the percentage of glycerol. 

I grm. glycerol =--7*4564 grms. bichromate 

I grm. bichromate =0*1341 1 grin, glycerol. 

Notes . — I. It is important that the concentration of acid in the oxidation 
mixture and the time of oxidation should be strictly adhered to. 

2. Before the bichre/tnate is added to the glycerol solution it is essential 
that the slight exSess of lead be precipitated with sulphuric acid as stipulated 
in the process. 

3. For “ crudes ” practically free from chlorides the quantity of silver 
carbonate may be reduced to one-fifth and the basic lead acetate to 0*5 c.c. 

4. It is sometimes advisable to add a little potassium sulphate to insure 
a clear filtrate. 

• 

The dichromate method is considered by Tortclli and Ceccherelli 
(Analysty 1914, 39, 181) to give excellent results when carried out according 
to their modifications (q.v.), but Flehiicr (/oc. at.) rightly points out that it is 
necessary to djjtermine and subtract the dichromatc value of any non-volatile 
impurity. Nearly all organic impurities will effect this method and yield 
high results. Normann and Hugel {J.S.C.L, 1916, 35, 932) speak well of it. 

Modifications of the method have been suggested by Richardson and 
Jaff<i {J.S.C.I.y 1898, 17, 330), Little and Fenner {J.S.C.I.y 1917, 36, 893), 
and H. B. Bennett (J.S.C.Ly 1924, 43, B1019). Some workers have also 
made use of the quantity of Ci!rbon dioxide prcfduced during the reaction. 
Cf. Fachini and Somazzi {Analysty 1^2^. 49, 245). • 

The Pern^anganate Method . — This method depends upon the fact that 
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when glycerol is oxidised by a strongly alkaline solution of potassium per- 
manganate it is entirely converted into oxalic acid. 

C3H8O3 +3O2 =C2H202 +002 4 * 3^20 

The method was first suggested by Wanklyn and Fox and was later 
worked out by Bcnedikt and Zsigmondy (J.S.C.L, 1885, 4, 610). For the 
determination weigh out an amount of the sample equivalent to about o*2 
to 0*3 gram of glycerol and dilute to about 250 c.c. with water in a large flask. 
Add about 10 grams of solid potassium hydroxide and then either finely- 
powdered solid potassium permanganate or a 5 per cent, solution until the 
liquid ceases to be green and becomes either blue or black. Boil the solution 
which will cause the separation of hydrates of manganese dioxide and then 
discharge the red colouration of the solution by the addition of sulphurous 
acid; excess of sulphite must be avoided. Filter and wash the filter-paper 
with hot water ignoring any turbidity in the wash filtrates. Acidify the 
filtrate with acetic acid, heat to the boiling-point and precipitate with 10 c.c. 
of a 10 per cent, solution of calcium chloride. After standing for some time 
the precipitated calcium oxalate is filtered off, washed with hot water, and 
titrated with N/io permanganate in the usual way. 

• 

I c.c. N/io KMn04— 0*0046 gram glycerol 

The method has been modified by Herbig by the use of hydrogen peroxide 
in place of sulphurous acid on account of tlie possible errors caused by the 
latter. This method is recommended bj Mangold 1891, TO, 

803), who shows that the difficulties encountered by Johnstone {J,S.C.Ly 
1891, 10, 204) were caused by lack of attention to the details of the method; 
the same conclusion was reached by Hehner (J.S.CJ., 1891, 10, 204). 

The Acefin Method , — This method depends upon the fact that when 
glycerol is heated with acetic anhydride it is converted quantitatively into 
triacetin. The following details for carrying out the process arc those 
suggested by the International Committee. 

The following reagents arc required : 

*. 

1. Best Acetic Anhydride. — This should be carefully selected. A good 
sample must not require more than 0*1 c.c. normal NaOH for saponification 
of the impurities when a blank is run on 7*5 c.c., only a slight colour should 
develop during digestion of the blank. 

2. Pure Fused Sodium Acetate. — The purchased salt is again completely 
fused in a platinum, silica, or nickel dish, avoiding charring, powdered 
quickly, and kept in a stoppeled bottle or in a desiccator. It is most important 
that the sodium acetate be anhydrous. 

3. A Solution of Sodium Hydroxide for Neutralising, 'of about N/i 
strength, free from carbonate. — I’his can be readily made by dissolving pure 
sodium hydroxide in its own weight of water (preferably water free from 
carbon dioxide), and allowing to settle until clear, or filtering through an 
asbestos or paper-filter. The clear solution is diluted with wuter free from 
carbon dioxide to the strength required. 

4. N/i Sodium Hydroxide, free from carbonate. — Prepared as above 
and carefully standardised. 

Some sodium hydroxide solutions show a marked diminution in strength 
after being boiled; such sojjutions should be ^ejected. 

5. N/i Acid. — Carefully standardised. 

6. Phenolphthalein solution. — o-tj per cent, phenolphthalein in alcohol 

and neutralise. c 
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Th Method . — Into a narrow-mouthed flask (preferably round-bottomed) 
capacity about 120 c.c., which has been thoroughly cleaned and dried, weigh 
accurately and as rapidly as possible 1*25 to 1*5 grms, of the glycerol. Add 
first about 3 grms. of the anhydrous sodium acetate, then 7*5 c.c. of the acetic 
anhydride, and connect the flask with an upright Liebig condenser. For 
convenience the inner tube of this condenser should not be over 50 cm. long 
and 9 to 10 mm. inside. 

The flask is connected to the condenser by either a ground-glass joint 
(preferably) or a rubber stopper. If a rubber stopper is used, it should' 
have had a preliminary treatment with hot acetic anhydride vapour. 

Heat the contents and keep just boiling for one hour, taking precautions 
to' prevent the salts drying on the sides of the flask. 

Allow, the flask to cool somewhat, and through the condenser tube add 
50 c.c. of the carbon-dioxide-free distilled water, heated to about 80° C., 
taking care that the flask is not loosened from the condenser. The object 
of cooling is to avoid any sudden rush of vapours from the flask on adding 
the water, and to avoid breaking the flask. Time is saved by adding the water 
before the contents of the flask solidify, but the contents may be allowed 
to solidify and the test proceeded with the next day without detriment. The 
contents of the flask may be warmed to, but must not exceed, 80° C. until 
the solution is complete, 'except a few dark flocks representing organic 
impurities in the crude. By giving the flask a rotatory motion, solution is 
more quicRly effected. Cool the flask and contents without loosening from 
condenser. When quite cold wash down the inside of the condenser tube, 
detach the flask, wash off stopper,pf ground-glass connection into the flask, 
and filter contents of flask through an acid-washed filter into a Jena glass 
flask of about i litre capacity. Wash thoroughly with cold distilled water 
free from carbon dioxide. Add 2 c.c. of plienolphthalein solution (6), 
then run in sodium hydroxide solution (3) or (4) until a faint pinkish -yellow 
colour appears throughout the solution. This neutralisation must be done 
most carefully. The alkali should be run down the sides of the flask, the 
contents of which are kept rapidly swirling with occasional agitation or change 
of motion until the solution is nearly neutralised, as indicated by the slower 
disappearance of the colour developed Jpcally by the alkali running into 
the mixture. When this point is reached the sides of the flask are washed 
down with carbcgi-dioxide-free water and the alkali subsequently added 
drop by drop, mixing after each drop until the desired tint is obtained. 

• Now run in from a burette 50 c.c. or a calcqjated excess of N/i NaOH (4), 
and note carefully the exact amount. Boil gently for fifteen minutes, the 
flask being fitted with a glass tube acting as a partial condenser; cool as 
quickly as possible, and titrate excess of NaOH 'with N/i acid (5) until the 
pinkish-yellow or chosen end-point colour just remains. A further addition 
of the indicator at this point will cause a return of the pinkish colour; this 
must be neglected, and the first end-point taken. 

From the N/i NaOII consumes calculate the percentage of glycerol 
after making the correction for the blank test described below ; 

I c.c. of N/i NaOH =0-03069 grm. of glycerol 

The coefficient of expansion for normal solutions is approximately 
0-00033 per c.c. for each degree C. A correction should be made on this 
account if necessary. • • 

Blank Test. — As the acetic anhytlride and sodium acetate may contain , 
impurities wjjich affect the oesult, it is Accessary to make a blank test, using 
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the same quantities of acetic anhydride and sodium acetate as in the analysis* 
After neutralising the acetic acid, it is not necessary to add more than 5 c.c. 
of the N/i alkali (4), as that represents the excess of alkali usually left after 
saponification of the triacetin in the glycerol determination. 

Determination of the Glycerol Value of the Acety Usable Impurities, — The 
total residue at 160° C. is dissolved in i or 2 c.c. of water, washed into a 
clean acetylising flask 120 c.c. capacity, and the water evaporated. Now 
add anhydrous sodium acetate, and proceed as in the glycerol determina- 
tion before described. Calculate the result to glycerol. 

Analysis of Acetic Anhydride, — Into a weighed stoppered vessel, contain- 
ing 10 to 20 c.c. of water, run about 2 c.c. of the anhydride, replace stopper 
and weigh; allow to stand, with occasional shaking, for several hours, trll 
all anhydride is hydrolysed; then dilute to about 200 c.c., add phenol- 
phthalcin and titrate with N/i NaOH. This gives the total acidity due to 
free acetic acid and acid formed from anhydride. 

Into a stoppered weighing-bottle containing a known weight of recently 
distilled aniline (from 10 to 20 c.c.) measure about 2 c.c. of the sample, 
stopper, mix, allow to cool, and weigh. Wash contents into about 200 c.c. 
cold water, and titrate acidity as before. This yields the acidity due to the 
original, preformed, acetic acid plus one-half the acid due to anhydride 
(the other half having formed acetanilide); s\ibtract the second result 
from the first (both calculated for 100 grms.) and double result, obtaining 
c.c. N/i NaOH per loo grms. sample. One c.c. NaOH equals 0*0510 grm. 
of acetic anhydride. 

Other Methods.— ^, II. Bertram i9i5> 34 > 288) has suggested 

the use of an alkaline copper sulphate solution with subsequent addition of 
potassium iodide and liberation of the iodine produced by means of sodium 
thiosulphate. 

H. Bull {Analyst^ 19Tb, 41, 343) has suggested the use of sodium 
glyceroxide and reports that he obtains useful results. 

Strebinger and Streit (J.*S.C./., 1924, 43, B640) have proposed the use 
of potassium iodate in concentrated sulphuric acid solution, the excess of 
iodate being determined by the addition of potassium iodide and titration 
of the liberated iodine. « 

Ziesel and Fanto determine glycerol by converting it into isopropyl 
iodide. The glycerol is treated with hydriodic acid in tli|; presence of red 
phosphorus, which converts it into isopropyliodide. This is distilled into 
silver nitrate solution which ('auses the quantitative precipitation of silver 
iodide. This method has been shown by Lcwkowitsch {Analyst, 1903, 
28, 108) to give low results although a modified method of Willstaltcr and 
Madinaveitia {Analyst, 1912, 37, 571) has been reported by them to give 
results nearer the trutli. This has been confirmed by Nornvtnn and Hugel 
{y.s.c,L, 1916, 35, 932). 

Method Recommended. — Practically the whole of the above-described 
methods will give identical results in the case of solutions of pure glycerol; 
the physical methods will be preferied as requiring less manipulation. 
'Fhe refraction method takes the least time and will, therefor^, be used for 
routine work. 

In the presence of itnpurities all of the oxidation methods will give high 
results, and in this case the acetin process will give accurate results when 
the acetyl value of the non-volatile products is taken into account as described 
above. 'Phe method of determining glycerol in oils and fats is described 
in the following paragraph : 

Determination of Glycerol in Fef/s. — A suitable quantity of the fat is 
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saponified with alcoholic potash in the usual way (where the permanganate 
process is used, the alcohol should be methyl alcohol as ethyl alcohol may 
produce small quantities of oxalic acid under the conditions of the experiment). 
Most of the alcohol is evaporated at a lower temperature (to guard against 
loss of glycerol by volatilisation which is considerable at temperatures 
above 70°), the soap is dissolved in water and the fatly acids liberated by the 
addition of a slight excess of hydrochloric acid* The liquid is allowed to 
cool by standing, when the fatty acids may be filtered off and washed. The 
filtrate, which contains tl^ glycerol, may then be treated as a very dilute 
crude glycerin. For the acetin process it should be neutralised with excess 
of barium carbonate, and evaporated to small bulk on the water-bath. The 
residue extracted with a mixture of ether and alcohol, the extracts being 
mixed and evaporated at a low temperature. 

K. Fleischer (J. 5 .C. 7 ., 1921, 40, 865A) suggests that the glycerin be 
distilled off under reduced pressure, and the amount determined from the 
specific gravity of the distillate, as in the case of alcohol. 

Hoyt and Pemberton {J.S.C.Ly 1922, 41, 260 A) determine glycerol in 
the presence of sucrose by the determination of the total dichromate value 
of the solution, and subtracting that due to the sucrose the amount of which 
is determined separately by the usual methods. 

Glycerol solutions may be purified to a large extent by the addition of 
basic lead acetate, and then removal of the excess of lead with hydrogen 
sulphide iif the usual manner. In this way the interference with the chemical 
method of determination will be much reduced (cf. K. Fricke, J.*S.C./., 
1922, 41, 148A). (f 

The Examination of Glycerin, — Commercial^ glycerins should be examined 
by the methods of the International Committee. These are given below : 

Sampling , — The most satisfactory method available for sampling crude 
glycerol liable to contain suspended matter, or which is liable to deposit 
salt on settling, is to have the glycerol sampled by a mutually approved 
sampler as soon as possible after it is filled into drums, but in any case 
before any separation of salts has taken place. In such cases he shall sample 
with j sectional sampler (a suitable sampling apparatus is described in an 
appendix to the report), then seal the di^ims, brand them with a number 
for identification, and keep a record of the brand number. The presence 
of any visible salt,or other suspended matter is to be noted by the sampler, 
and a report of same made in his certificate, together with the temperature 
of the glycerol. Each drum must be sampled. • Glycerol which has deposited 
salt or other matters cannot be accurately sampled from the drums, but an 
approximate sample can be obtained by meani^ of the sectional sampler, 
which will allow a complete vertical section of the glycerol to be taken, 
including any deposit. 

Analysis. — i. Determination of Free Caustic Alkali . — Weigh 20 grrns. 
of the sample into a 100 c.c. flask, dilute with approximately 50 c.c. of freshly- 
boiled distilled water, add an excess of neutral barium chloride solution, 

I c.c. of phenolphthalein solution, make up to the mark and mix. Allow 
the precipitate to settle, draw off 50 c.c. of the clear liquid, and titrate with 
normal acid (N/i). Calculate to percentage of NagO existing as caustic alkali. 

2. Determination of Ash and Total Alkalinity 2 to 5 grins, of 
the sample in a platinum dish, burn off the glycerol over a luminous Argand 
burner or other source of heat giving a low flame temperature, the tempera- 
ture being kept low to avoid volatilisation and tAe formation of sulphides. 
When the mass is charred to the poiAt that water will not become coloured 
by soluble organic matter, Uxiviate widi hot distilled water, filter, wash. 
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and ignite the residue in the platinum dish. Return the filtrate and washings 
to the dish, evaporate, and carefully ignite without fusion. Weigh the ash. 

Dissolve the ash in distilled water and titrate total alkalinity, using as 
indicator methyl orange cold or litmus boiling. 

3. Determination of Alkali present as Carhonaie, — Take 10 grms, of the 
sample, dilute with 50 c.c. distilled water, add sufficient N/i acid to neutralise 
the total alkali found at (2), boil under a reflux condenser for fifteen to 
twenty minutes, wash down the condenser tube with distilled water, free 
from carbon dioxide and titrate back with N/i NaQH, using phenolphthalein 
as indicator. Calculate the percentage of NagO. Deduct the NagO found 
in (i). The diflFerence is the percentage of NagO existing as carbonate. 

4. Alkali combined with Organic Acids. — The sum of the percentages 6f 
NaoO found at (i) and (3) deducted from the percentage found at (2) is a 
measure of the NagO or other alkali combined with organic acids. 

5. Determination of Acidity. — Take 10 grms. of the sample, dilute with 
50 c.c. of distilled water free from carbon dioxide, and titrate with N/i 
NaOH and phenolphthalein. Express in terms of NagO required to 
neutralise 100 grms. 

6. Determination of Total Residue at 160° C. — For this determination 

the crude glycerol should be slightly alkaline with NagCOg, not exceeding 
the equivalent of 0*2 per cent. NagO, in order to prevent loss of organic 
acids. To avoid formation of polyglyccrols, this alkalinity must not be 
exceeded. • 

Preparation of Glycerol, — Ten grms. of the sample are weighed into a 
100 c.c. flask, diluted with water, and th« calculated quantity of N/i HCl 
or NaoCOg added to give th^ required degree of alkalinity. The flask is 
filled to 100 c.c., the contents mixed, and 10 c.c. measured into a weighed 
Petrie or similar dish 2*5 inches diameter and 0-5 inch deep, which should 
have a flat bottom. In the case of crude glycerols abnormally high in 
organic residue, a less quantity is to be evaporated, so that the weight of 
organic residue does not materially exceed 30 to 40 mgrms. 

Evaporation of the Glycerol , —The dish is placed on a water-bath (the 
top of the 150° C. oven acts equally well) until most of the water has 
evaporated. From this point the <fv^aporation is effected in the oven. Satis- 
factory results arc obtained in an oven measuring ^ inches cube, having an 
iron plate J inch thick lying on the bottom to distribute thp heat. Strips of 
asbestos millboard arc placed on a shelf half-way up the oven. On these 
strips the dish containing the glycerol is placed. 

If the temperature of the oven has been adjusted to 160° C. with the 
door closed, a temperature of 130*^ to 140'' C. can be readily maintained 
with the door partially open, and the glycerol, or most of it, should be 
evaporated off at this temperature. When only a slight vapour is seen to 
come off, the dish is removed and allowed to cool. 

An addition of 0-5 to i c.c. of water is made, and by a rotatory motion 
the residue brought wdiolly or nearly into solution. The dish is then allowed 
to remain on a water-bath or top of the oven until the excess water has 
evaporated and the residue is in such a condition that on returning to the 
oven at 160'' C. it will not spit. The time taken up to this point cannot be 
given definitely, nor is it important. Usually two or three hours are required. 
From this point, however, the schedule of time must be strictly adhered to. 
The dish is allowed to remain in the oven, the temperature of which is care- 
fully maintained at 160° C. for one hour, tvhen it is removed, cooled, the 
residue treated with water, and thef w^ater evaporated as before. The 
residue is than subjected to a seconJ baking of one hour, after which the dish 
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is allowed to cool in a desiccator over sulphuric acid and weighed. The 
treatment with water, etc., is repeated until a constant loss of i to i -5 mgrms. 
per hour is obtained. 

Corrections to he applied to the Weight of the Total Residue . — In the 
case of acid glycerol, a correction must be made for the alkali added, i c.c. 
of N/i alkali represents an addition of 0*022 grm. In the case of alkaline 
crudes a correction should be made for the acid added. Deduct the increase 
in weight due to the conversion of the NaOH and Na2COa to NaCl. The 
corrected weight, multiplied by 100, gives the percentage of total residue 
at 160® C. 

Preserve the total residue for the determination of the non-volatile 
acetylisable impurities. 

7. Organic Residue . — Subtract the ash from the total residue at 160® C. 
Report as organic residue at 160° C. {Note . — It should be noted that alkaline 
salts of organic acids are converted to carbonates on ignition, and that the CO9 
radicle thus derived is not included in the organic residue.) 

8. Moisture . — This test is based on the fact that glycerol can be completely 
freed from water by allowing it to stand in vacuo over sulphuric acid or 
phosphoric anhydride. 

2 or 3 grms. of very pure.bulky asbestos freed from acid-soluble material, 
which has been previously dried in a water-oven, are placed in a small 
stoppered ijeighing-bottlc of about 15 c.c. capacity. The weighing-bottle 
is kept in a vacuum desiccator furnished with a supply of concentrated sul- 
phuric acid, under a pressure equivalent to i to 2 mm. of mercury, until 
constant in weight. From i to grms. of the sample is then carefully 
dropped on the asbestos in such a way that \\ will be all absorbed. The 
weight is again taken, and the bottle replaced in the desiccator under i to 
2 mm. pressure until constant in weight. At 15® C. the weight is constant 
in about forty-eight hours. At low temperatures the test is prolonged. 

The sulphuric acid in the desiccator must be frequently renewed. 

Dichromate Process for Glycerol Determination . — See above page 66. 

Instructions for Calculating Actual Glycerol Content. — i. Determine the 
apparent percentage of glycerol in the sample by the acetin process as 
described. The result will include acJtylisable impurities, if any be 
present. * 

2. Determine tke total residue at 160° C. 

3. Determine the acetin value of the residue at (2) in terms of glycerol. 

* 4. Deduct the result found at (3) from the percentage obtained at (i) 
and report this corrected figure as glycerol. If volatile acetylisable impurities 
are present, these are included in this figure. » 

Notes and Recommendations . — Experience has shown that in crude glycerol 
of good commercial quality the sum of water, total residue at 160® C. and 
corrected acetin result, comes to within 0*5 of 100. Further, in such 
“ crudes the dichromate result agrees with the uncorrected acetin result 
to within i per cent. 

In the event, of greater differences being found, impurities, such as poly- 
glycerols or trimethylene glycol, are present. Trimethylenc glycol is more 
volatile than glycerol; it can therefore be concentrated by fractional dis- 
tillation. An approximation to the quantity can be obtained from the spread 
between the acetin and dichromate re.sults of such distillates, trimethylene 
glycol showing by the former method 80*69 per cent., and by the latter 138*3 
per cent., expressed as glycerol. * 

In valuing crude glycerol for certa?n purposes it is necessary to ascertain 
the approximate proportion of arsenic, sulphides, sulphites, and thiosulphates. 
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The methods for detecting and determining these impurities have not formed 
the subject of this investigation. 

Recommendations by Executive Committee, — If the non-volatile organic 
residue at i6o° C. in the case of a soap lye “ crude ” be over 2*5 per cent. — 
i.e., when not corrected for carbon dioxide in the ash— -then the residue 
shall be examined by the acctin method, and any excess of glycerol found 
over 0*5 per cent, shall be deducted from the acetin figure. 

In the case of saponification, distillation, and similar glycerol, the limit 
of organic residue which should be passed withqjit further examination shall 
be fixed at i per cent. In the event of the sample containing more than 
I per cent., the organic residue must be acetylated, and any glycerol found 
(after making the deduction of 0-5 per cent.) shall be deducted from the per- 
centage of glycerol found by the acetin test. • 

BRITISH STANDARD SPECIFICATIONS 
FOR CRUDE GLYCERINS 

The following standard specifications were drawn up by the British 
Executive Committee on crude glycerin analysis, and approved at a general 
meeting of crude glycerin-makers, buyers, and orokers, held in London on 
3rd October 1912 : 

Soap Lyes, Crude Glycerin. — Analyses to be made in accofdance with 
the International Standard Methods {s^iprq). 

G/yre/o/.-- -The standard shall be 8o#per cent, of glycerol. Any crude 
glycerin which tests 8i per ^cnt. of glycerol or over shall be paid at a pro 
rata increase, calculated as from the standard of 80 per cent. Any crude 
glycerin which tests under 80 per cent, of glycerol, but is 78 per cent, or over, 
shall be subject to a reduction of il times the shortage, calculated at a pro 
rata price as from 80 per cent. If the test falls below 78 per cent, the buyer 
shall have the right of rejection. 

Ash, — The standard shall be 10 per cent. In the event of the percentage 
of ash exceeding 10 per cent., but not exceeding 10*5 per cent., a percentage 
of deduction shall be made for ftie excess calculated as from 10 per cent, 
at pro rata price, and if the }>crcentagc of ash exceeds 10*5 per cent., but 
does not exceed ii per cent., an additional percentage #Jeduction shall be 
made to double the amount in excess of 10*5 per cent. If the amount of 
ash exceeds ii per cent, the kuyer shall have the right of rejection. 

Organic Residue. — The standard shall be 3 per cent. A percentage de- 
duction shall be made of ,3 times the amount in excess of the standard of 
3 per cent, calculated at pro rata price. I’he buyer shall have the right 
to reject any parcel which tests over 3-75 per cent. • 

Saponification Crude Glycerin. — Analysis to be made in accordance 
with the International Standard Methods, 1911. 

Glycerol. — The standard shall be 88 per cent. Any crude glycerin 
tendered which tests 89 per cent, or over shall be paid for at ajgro rata increase 
calculated as from the standard of 88 per cent. Any crude glycerin which 
tests under 88 per cent., but is 86 per cent, or over, shall be subject to a 
reduction of ij times the shortage calculated at pro rata price as from 88 
per cent. If the test falls below 86 per cent, the buyer shall have the right 
of rejection. 

Ash. — The standard sTiall be 0-5 per cdtit. In the event of the ash ex- 
ceeding 0*5 per cent., but not exceedidj^^ 2-0 per cent., a percentage reduction 
shall be made equal to double the amount in excess of 0*5^ per cent. If 
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the amount of ash exceeds 2 0 per cent, the buyer shall have the right to 
reject the parcel. 

Organic Residue , — The standard shall be i per cent. A percentage 
deduction shall be made of twice the amount in excess of the standard of 
I per cent, calculated at pro rata price. The buyer shall have the right 
to reject any parcel which tests over 2 per cent. 

Other papers likely to be of interest in connection with the evaluation 
of glycerins and which may be consulted are here given : 
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QUALITATIVE TESTS 

The Elaidin Test 

• 

The elaidin test depends upon the solid body which nitrous acid produces 
when acting upon oleic glycerides (a note on the cause of the reaction'has 
been contributed by S. Fokin, J.S.CJ., 1911, 30, 36). It has.been used 
chiefly in the examination of olive oil and under some conditions will show 
5 per cent, of adulteration, but as most adulterants are shown with equal 
ease by other methods it is now seldom used. 

Various of the older methods have been tested by Archbutt {J.S.CJ.j 
1886, 5, 304), who has come to the conclusion that the test mu^t not be made 
below 25*^ and that the length of time required for solidification is of much 
more importance than the degree of solidity obtained. He applies the test 
in the following way : 

18 grms. of mercury arc placed in a dry stoppered 50 c.c. cylinder, 
and 15*6 c.c. of nitric acid, specific gravity 1-42, are added frofn a burette. 
The nitrous acid is entirely absorbed with production of a green colouration ; 
as long as the reagent retains its green c(Jbur, it is fit for use. 8 grins, of the 
reagent are shaken up with grms. of the oil in a wide-mouthed stoppered 
bottle, j)Iaced in water at the required temperature, and again shaken at 
intervals of ten minutes during two hours. 

Tha results obtained by carrying out this test with different oils may 
be placed in four classes : 

1. A solid hard mass. Olive, almond, arachis, lard, etc. 

2. A buttery mass. Neat’s-foot oil, Arctic sperm, etc. 

3. Fluid with solid flocks. Sunflower oil, cotton-seed oil, sesame oil, 

rape oil, etc. * • 

4. Liquid. Linseed oils and drying oils. • 

At 25° olive oil takes from 200 to 400 minutes to solidify, whilst adulterated 
oils usually take longer than 'this, whilst the final product is not so hard. ‘ 


The Sulphur Chloride Test 


T. B. Warren [Chemical NewSy 1888, 57, 113), basing his results on the 
work of several previous investigators investigated the aation of sulphur 
chloride on various oils in which cases gelatinous rubber-like masses are 
produced, which are more or less insoluble in carbon bisulphide according 
to the type of oil used. The method, which consists in adding a mixture 
of 2 c.c. of sulphur chloride and 2 c.c. of carbon bisulphide to 5 grams of 
the oil in a large crucible and warming, h^s been examined by C. 0 . Weber 
(y.S,C,Lj 1894, 13, ii) and Lewkoyitsch, but has not been widely used. 
For further information the reader is, therefore, referred to these sources, 
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Colour Reactions 

In general, colour reactions are produced not by the glycerides themselves 
but by impurities of various kinds which are extracted along with the oils 
from their sources. It follows, therefore, that as modern methods tend more 
and more to remove impurities, that oils will become more and more unlikely 
to respond to tests which depend upon such impurities. 

Many workers have proposed a series of colour reactions with various 
reagents in order that fats might be distinguished one from another, but 
all these have long since been given up. A few colour reactions which, 
being recognised as valuable, are still used, such as the Halphen reaction, 
are described in some detail below. A few of the more recent suggestions 
are mentioned here, but in general even the better tests must be used with 
caution, whilst by far the larger proportion is worse than useless. 

The Bellier-Kreis Reaction. — This is produced by shaking 5 c.c. of the 
liquid fat with 5 c.c. of nitric acid (S.G. 1-4) and 5 c.c. of a cold saturated 
solution of resorcinol in benzene (Bellier) or 5 c.c. of a o*i per cent, ethereal 
solution of phloroglucinol (Kreis). Seed oils give a colouration varying 
from pink through violet to brown, whilst animal fats give no immediate 
colouration. This only refers to normal oils prepared under certain con- 
ditions; there are many exceptions. 

The Welmans Phosphomoiyhdic Acid Test. — This test is carried out {J.S.C.I., 
1892, II, 548) by shaking 2 c.c. of a freshly-prepared solution of phospho- 
molybdic “kcid with i gram of the fat dissolved in 5 c.c. of chloroform. 
According to Welman the upper layer formed on standing develops a green 
colour in the case of cod-liver o’i! and vegetable oils, which is changed to 
blue on the addition of alkali ; but no such changes are obvious in the case 
of animal fats other than cod-liver oil. 

This test has been examined by Kuhn and Halfpaap (Analyst^ 1906, 
31, 413), who attach very little value to it, by Lewkowitsch, who considers 
that at the best it may only be regarded as a preliminary test, and by Seiger, 
who modifies the reagent by the use of o-i gram of sodium molybdate in 
10 c.c. of concentrated sulphuric acid, but who reports unsatisfactory results. 

The Sulphuric Acid*Liver Oil Test 

This test, which was^aT one time considered to be diagnostic for fish 
liver oils, but which is now recognised as having a inoie general application, 
i§ described by the Pharmacopoeia of the U.S.A. as follows: 

A solution of i drop of the oil in i mil. of chloroform, when shaken with 
one drop of sulphuric acid, acquires a violet-red tint, gradually changing 
to reddish brown.” 

It has received attention recently by Drummond and Watson {Analyst ^ 

1922, 47, 34i),*and Harden and Robison {Analyst, 1923, 48, 226), who have 
endeavoured to isolate the substance producing the reaction, and by Rich- 
mond and England {Analyst, 1922, 47, 431), and Evers and Foster {Analyst, 

1923, 48, 58) who have improved the technique of the process. The reaction 
is given also butter fat, N. Sjorslev {Analyst, 1925, '50, 145). 

Evers and Foster carry out the test in the following way: The required 
amount of oil, or of a solution of the oil in petroleum spirit, is measured into 
a test-tube; two drops of olive oil or some other natural oil, which itself 
gives no suspicion of colour with the test in any quantity, are added, and then 
petroleum spirit to 3 c.c. Seven c.c. of petroleuiii spirit are shaken violently 
in a small stoppered cylinder with o^ie drop of sulphuric acid until the acid 
is completely broken up into small daops. The mixture is then quickly 
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poured into the test-tube. The drops of acid rapidly sink to the bottom, 
the violet colour forming in the petroleum spirit as they sink. In this way 
the colour is uniformly distributed throughout the solution, and the results 
are more consistent. Care must be taken that only small drops of sulphuric 
acid fall into the test-tube. 

Carrying out the test as above (with addition of olive oil) they obtained 
the following results with various samples of oil : 

Table XVllI. — Results of Sulphuric Acid Liver Oil Test 
(Evers and Foster)* 


Oil. Minimum Quantity Coloin> 

giving Colour. 

c.c. • 


Cod-liver oil (cattle) 

Cod-liver oil (Newfoundland) unrclincd 
Cod-liver oil (North Sea A) . . . 

Cod-liver oil (North Sea 13 ) . . . 

Cod-liver oil (refined) unknown origin 

Whale oil 

Ling-liver oil 

Cod-liver oil (North Sea C) . . . 

Cod-liver oil, Norwegian unrelined . 
Cod-liver oil, Norw^egian reiined . 
Mixed liver oil, unknown origin . 

Cod-liver “ Stearin ” 

Butter (three samples, A, B and C) . 
Butter D 


0*01 

blue-violet 

0-015 

»> 

0-015 

j j 

0-015 

»» 

0-015 

>> 

n*nT5 

red-violet 


blue-violet 

0-03 


0*035 


0*035 

»> 

0-07 

) I 

o-o8 

rcd-violct 

0-02 

> ' 

brown 

0-02 


'Fhese authors point out that it is necessary to treat the petroleum spirit 
(B.Pt. 40°-6 o'’) by thoroughly shaking with sulphuric acid and separating, 
before it is used as the oil solvent, as otherwise the test may lose its 
sensitiveness. 

The cause of the reaction is ^till uncertain. Drummond and Watson 
{loc, cit.) have shown that the substance resp^yj^ible is contained in the 
livers of many species as far removed as man, frog and dqg fish. It appears 
to be a normal constituent of the liver, and is not derived from the bile. 
The chemical nature of the substance has not been ascertained. It forms 
a low proportion of the unsaponifiable fraction, is not cholesterol, and pro- 
bably not a member of the lipochrome pigments. It is thermo-stable in 
the absence of air or oxygen, but is rapidly destroyed by oxidation. The 
few properties of the substance which are known, as well, as the available 
data regarding its distribution in natural products, show certain resemblances 
to the unidentified dietary unit knowm as vitamin A ; and without assuming 
the identity of the two factors, it is suggested that the association may be 
of some significance. The colour test cannot be regarded as specific for 
liver fats, although they usually give the most intense reactions. The 
body fat, and fat from other organs of animals, especially if they have been 
fed on liver oils, may give the reaction. 

Harden and Robinson \loc. cit.) have shown that a purple colour resem- 
bling that given by this Reaction may be obtained by the addition of sul- 
phuric acid to a petroleum spirit, or chloroform solution of cholesterol 
containing furfuraldehyde or «?-hydrdxy-methylfurfuraldehyde. Also, the 
addition of furfuraldehyde to oils yielding only, a faint colouration gives rise 



QUALITATIVE TESTS 


79 


to an intense purple colour on the addition of sulphuric acid. Attempts 
were made to obtain furfuraldehyde or a substance capable of replacing it 
in this reaction from coal fish oil, but without success. The reaction is a 
delicate test for cholesterol, a faint purple colour being produced by O'l 
mgrm. in 5 c.c. of petroleum spirit. 

So Uchida {jf,S.C.L, 1916, 35, 1091) has stated that akebi-seed oil 
assumes with one drop of sulphuric acid a greenish-yellow colour, which 
becomes a cochineal-red colour on stirring. 

The Liebermann-Storch Test 

-This test which is valuable for the detection of rosin oil may be carried 
out as follows : 

Gently warm a small quantity of the sample with an equal volume of 
pure acetic anhydride : cool. 

Pipette off the acetic anhydride layer, and add to it one drop of sulphuric 
acid, S.G. 1*53 (by mixing equal quantities concentrated sulphuric acid and 
water). 

In presence of rosin a violet colouration (rapidly fugitive) is produced. 

This reaction is given by cholesterol. This will not be very serious in 
the case of a linseed oil which should contain no cholesterol, but as a safe 
method of confirmation the oil may be saponified with alcoholic potash, 
the mixtur# acidified and the test applied to the liberated fatty acids. 

The HALf»HEN Reaction 

Certain colour reactions of cotton-seed oil were first noticed by Ilalphen 
in 1894 {Analyst, 1894, 19, 282), whilst three years late the same worker 
published his method in more or less its present form {Analyst, 1897, 22, 
326). The test may be carried out as follows: 

Mix carbon disulphide, containing iibout i per cent, of sulphur, in 
solution, with an equal volume of amyl alcohol. Mix equal volumes of this 
reagent and the oil under examination, and heat in an oil-bath at 120° for 
I hour. In the presence of as little as \ per cent, of cotton-seed oil, a 
characteristic red or orange- r^d colour is produced. 

“ Lard and lar^ oil from animals fed on cotton-seed meal will give a 
faint reaction; their fatty acids also give this reaction. 

The depth of colour is proportional, to ascertain extent to the amount 
of oil present, and by making comparative tests with cotton-seed oil some 
idea as to amount present can be obtained. Different oils react with different 
intensities, and oils which have been heated from 200^-210'' react with 
greatly diminished intensity. Heating 10 minutes at 250"^ renders cotton- 
seed oil incapable of giving the reaction. 

Since the reaction was first suggested for cotton-seed oil it has been 
discovered that various other oils also give the reaction. Thus, in 1913, 
Sprinkmeyer and Diedrichs {Analyst, 1913, 38, 467) showed that the reaction 
was given to a g|f-eater extent by kopak oil (q.v.), Bolton and Jesson {Analyst, 
1915, 40, 7) have shown that calumpang-seed oil gives the reaction as 
strongly as does cotton-seed oil, whilst Jamieson and Baughman {J.S.CJ,, 
1920, 39, 417A) found that the oil of okra seed {Abelmoschus esculentus) 
also gives the reaction to a certain extent. 

All samples of cotton-seed (Wl do not give tfie reaction to the same 
extent, but in the case of any one sample of oil the depth of colour obtained 
in the reaction^is proportionatg to the ambunt of the cotton-seed oil present 
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in mixtures. The substance present in cotton-seed oil which causes the 
colouration is destroyed by heating the oil to about 250° so that oils so 
treated no longer answer to this test, whilst treatment of the oil with 
sulphurous acid or chlorine has the same effect. 

It has been shown by various workers that the fat of animals fed on 
cotton-seed cake frequently gives a positive reaction with the test, so that 
even a positive reaction must not be taken as final evidence of actual 
adulteration unless the quantity indicated approaches 10 per cent (cf. 
pages 369 and 400). 

A number of suggestions have been madeVith the object of making 
the test more sensitive. As has been pointed out by Bolton and Revis 
(Analyst^ 1915 > 40 » 50 o)» is of some importance, on account of the diminu- 
tion in the degree of the reaction by hydrogenation and other methods of 
treatment to which oils are now subjected. 

Rupp [Analyst^ 32, 95) suggested performing the test in closed 

tubes, using a water-bath and heating for 45 minutes, which method is con- 
sidered by Wagner and Clement {Analyst, 1908, 33, 396) to be advantageous. 
Marcille {Analyst, 1910, 35, 356) uses closed tubes, and heats to 120°, and 
states that i per cent, of cotton-seed oil shows up well under these con- 
ditions. F. F. Shelley {Analyst, 1925, 50, 132) also supplied the closed-tube 
method. Gamier {Analyst, 1909, 34, 229) heats with excess of undis- 
solved sulphur under a reflux condenser, but this would not appear to have 
any particular advantage over the ordinary method. * 

Rosenthaler {Analyst, 1910, 35, 536) found that it is not necessary to 
use amyl alcohol, but that methyl, ethy^*; propyl and isobuty! alcohols also 
give the reactions as do also benzyl, allyl alcohols, etc. He found, however, 
that it was not possible to r(?place the sulphur by other sulphur compounds 
such as mustard oil, etc. 

Gaslaldi {J.S.CJ., 1912, 31, 934) slates that it is to the impurities con- 
tained in the amyl alcohol that the reaction must be ascribed, and this worker 
found that pyridine, aniline and other substances, including ammonia and 
caustic soda give the reaction, some of them to a greater degree than does 
amyl alcohol. He carries out the test by mixing together 5 c.c. of the oil, 

I drop of pyridine and 4 c.c. of carbon bisulphide containing i per cent, 
of sulphur, and heating the mixture in a water-bath for half an hour. As 
little as 0-25 per cent, of cotton-seed oil may l?e*detected in this way. 

Utz {Analyst, 1914, 39, 92) mixes the oil with an ’equal volume of a 
I per cent, solution of sulphur in pentachlorelhylene, and heats to boiling. 
Gastaldi {J.S.C.L, 1914, 33, 1214) has examined this test and finds that it 
is uncertain and not characteristic, whilst he has modified his own test {vide 
supra) by using a smaller quantity of carbon bisulphide, a larger quantity 
of pyridine and heating for 5 minutes at a temperature not above 140°. 

The Process Recommended . — Place 5 c.c. of the oil in a lest-tube and add 
thereto 4 c.c. of carbon bisulphide containing 1 per cent, of sulphur and 
4 c.c. of amyl alcohol, and heat the mixture in an oil-bath at 130"^ for half an 
hour — by this means the merest traces of cotton-seed oil may be detected, 
providing that the oil used is capable of giving a positive reaction. 

I'lir: Becchi Reaction 

The fact that cotton-seed oil exerts a reducing action on an alcoholic 
solution of silver nitrat# was first used $s a method of identification by 
Becchi {Analyst, 1887, 12, 170). '^t^he test as described by Becchi may 
be carried out as follows : • 
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The reagent is prepared by dissolving i gram of silver nitrate in a mixture 
of 98*5 c.c. of alcohol (absolute), 20 c.c. of ether and 1*5 c.c, of N/2 nitric 
acid. 5 grams of the oil are heated with 2-5 c.c. of the reagent in boiling 
water for ten minutes when in the presence of cotton-seed oil a darkening 
of the solution will take place. A committee appointed by the Italian 
Government recommended that amyl alcohol and colza oil be added to the 
Becchi reagent, but no good purpose would seem to be served by this com- 
plication. 

The Becchi reaction suffers all the shortcomings of the Halphen reaction, 
e.g., it is not given by heatefl oils or old oils, whilst oils from different sources 
give the reaction to different degrees, and in addition one or two which are 
peculiar to itself. The test may be used occasionally as a corroborative one, 
but it is doubtful whether the results obtained ever repay the trouble involved. 

Milliau (J.S.CJ.f 1^93 » 12, 716) modified the test by working on the 
fatty acids in place of the oil itself and proceeds as follows : 

5 c.c. of the fatly acids of the sample are dissolved in 15 c.c. of 95 per cent, 
alcohol, and heated in a water-bath to 90"". 2 c.c. of a 30 per cent, solution 

of silver nitrate are then added, and the mixture is again heated until about 
one-third of the alcohol has evaporated. If the sample be cotton-seed oil, 
or contain cotton-seed oil, the silver nitrate is reduced to metallic silver, 
producing a black or brown Colour in the liquid, or giving particles of reduced 
silver. 

Wiley has reported favourably on this test, but neither Hehner nor 
Lewkowitsch consider it to be any improvement, the latter indeed reporting 
that it is less useful and that in sofge cases a positive result may be obtained 
by the original test and a negative one by Milliau’s modification. This 
fact w^as later explained by Muntz, Durand add Milliau, who showed that 
the reducing substance is soluble in water and was removed from the fatty 
acids by repeatedly washing with water. Milliau has, therefore, modified 
the test in the following manner : 

15 c.c. of the oil are saponified in a 250 c.c. porcelain dish with alcoholic 
potash, and the soap is dissolved in 150 c.c. of distilled water. The alcohol 
is evaporated off by boiling, and the fatty acids are liberated by adding a 
slight excess of dilute sulphuric acid. The solution must not be boiled in 
order to melt the separated fa^tty acids, as otherwise the aldehydic substances 
may pass into the aqueous solution. The emulsified acids are taken off 
and washed in a wfde test-tube three times each with 10 c.c. of cold distilled 
water. Finally, the fatty acids arc dissolved in 15 c.c. of 92 per cent, alcohol 
and 2 c.c. of a 3 per cent, silver nitrate solution arc added. The test-tube 
is placed, protected from light, in a water-bath and heated to 90° until 
one-third of the alcohol has evaporated oft. io*c.c. of hot distilled water 
are then added, and the heating continued for a few minutes. In the presence 
of cotton-seed oil, the fatty acids which float on the top are black, owing to 
the separation of metallic silver. If the proportion of cotton-seed oil exceeds 
15 per cent, the aqueous solution is also coloured. 

As a modification of this method Jean adds petroleum ether to the soap, 
so that on liberating the fatty acids they will be dissolved when the petroleum 
ether solution may be washed with water without loss of the reducing sub- 
stance and tested with the reagent in the usual way. 

A further modification of the Milliau method has been suggested by 
Tortelli and Ruggeri, who proceed as follows : 

5 grms. of the liquid fatty atids of the suspefted sample are dissolved 
in 10 c.c. of alcohol, and i c.c. of a 5 ptr cent, silver nitrate solution is added; 
the sample is then heated on a water-bath to 70°-8o°. They state that cotton- 
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seed oil reduces the silver immediately, whereas olive oil and other oils 
remain clear for some time, and that even cotton-seed oil, which had been 
heated to 250° for ten and twenty nunutes respectively, could be recognised 
when present in as low a proportion as 10 per cent, in olive oil, on allowing 
the liquid fatty acids of the mixed oil to stand in the hot water-bath for several 
hours. 

Petkow {Analyst, 1907, 32, 123) has stated that the substances causing 
the Halphen and Becchi reactions are not identical, so that there may be, 
after all, some point in applying both tests in doubtful cases. Petkow 
states that care must be taken in carrying out Tortelli and Ruggieri’s modifica- 
tion that the temperature does not exceed 70° to 80°, otherwise even pure 
olive oil will give a reaction. This author recommends the official Swiss 
modification as the most delicate and reliable; this process has b,een given 
with some modification on page 81, line i. 

Process Recommended . — Taking all things into consideration the process 
given above on page 81, line i, will be found the most useful. 

The Baudouin Reaction 

The reaction which forms the basis of the Baudouin test was originally 
discovered by Camoin, but is generally known ‘by the former name. This 
reaction is the production of a pink colour when the oil is shaken with a 
solution of cane sugar in hydrochloric acid. A convenient method of carry- 
ing out the test is as follows : 

0*1 gram of finely-powdered sugar is dissolved in 10 c.c. of hydrochloric 
acid (S.G. 1*20), 20 c.c. of the oil to be tested is added, thoroughly shaken 
for a minute and allowed to ‘stand. In the presence of sesame oil the acid 
layer is coloured crimson. 

The reaction has been studied at some length by Villavecchia and Fabris 
{J.S.C.L, 1894, 13, 69), who considered that the reaction was caused by 
the furfural produced by the action of the hydrochloric acid on the cane 
sugar. They have accordingly suggested the use of tJiis substance in place 
of cane sugar and proceed as follows : 

Place o-i c.c. of a 2 per cent. 'furfural solution in a test-tube, add 10 c.c 
of the oil, and 10 c.c. of hydrochloric acid o^j^pecific gravity 1*19, shake 
the mixture for half a minute and allow to settle. In thcj')resence of sesamd 
oil, even if it be less than i per cent, the aqueous layer will acquire a distinct 
crimson colour. ^ 

Weehuizen {Analyst, 191S, 43, 273) has stated that Van Ekenstein and 
Blanksma showed that ^-hydroxy-/f-mcthyl furfural, and not furfural, is 
formed by the action of hydrochloric acid on hexoscs; later Blanksma states 
that the product is a a-hydroxy-methylfurfural. The substitution of furfural 
for the sugar in Baudouin’s reaction for sesame oil is therefore incorrect. 
'Phis reaction is carried out by shaking a small amount of solid or liquid 
laivulose (cane sugar may be used) with 2 to 5 c.c. of a saturated alcoholic 
solution of hydrochloric acid for about one minute, adding an equal volume 
of the oil under examination, and again shaking vigorous!^ for about one 
minute. A 5 per cent, solution of sesame oil in olive oil gave a purple 
alcoholic layer on allowing to stand for five minutes ; unadulterated samples 
gave a light red or greenish colour. 

Gravenhorst {J.S.C.L, 1924, 43, B183) considers that an amount of 
free chlorine much larger than that usually found in hydrochloric acid 
is required to affect the reaction. The exact strength of the hydrochloric 
acid is of much greater importaneJe, an increase of i per cent, in the con- 
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centration above that specified giving a 25 per cent, deeper colour. Rancid 
sesam^ oil gives as strong a colour as the fresh oil, but diluting the sesam6 
oil with rancid arachis, cotton seed, or soya bean oil or with rancid butter fat 
weakens the colour obtained and may even prevent the reaction altogether. 
The substances interfering with the reaction may be removed by treating 
the rancid oils with sodium hydroxide. 

The idea of substituting some other sugar for cane sugar has been in- 
vestigated by Fleig {Analyst, 1908, 33, 480), who finds that only laevulose, 
sucrose and invert sugar ^an be used — dextrose, maltose, etc., yielding 
either no colour or only the slightest trace. The same author has studied 
the effect of substituting a number of aromatic aldehydes for the sugar 
and' finds that excellent colourations are produced {Analyst, 1908, 33* 480; 
1909, 34,1285); he further shows that although sulphuric acid may replace 
the hydrochloric acid it is not in general so successful. 

The Baudouin reaction is to some extent impaired when used with 
margarines containing added colouring substances which yield a red coloura- 
tion when the sample is treated with hydrochloric acid (Arnold, Analyst, 
1914, 39, 86)1 but this colouration does not interfere with Baudouin’s test 
for sesame oil if a small quantity of stannous chloride is added to the hydro- 
chloric acid; about 0*1 c.c. pf stannous chloride solution per 100 c.c. of the 
acid is sufficient for the purpose. The fat is dissolved in petroleum spirit 
and shaken with hydrochloric acid containing stannous chloride, the mixture 
being then bleated by placing the test-tube for a short time in boiling water. 
When the red colouration has disappeared, the test is carried out in the usual 
way. • 

It has been shown by Gerber {Analyst, 1907^ 32, 90) that fat extracted by 
chocolates may give the Baudouin reaction even when sesam^ oil is entirely 
absent this being due either to the gum benzoin used in the glazing of the 
chocolates or the flavouring agents such as vanillin. Soltsien {Analyst, 
1907, 32, 419) has confirmed this statement to a certain extent and states 
that such a reaction may be distinguished from the true sesame oil in that 
the stannous chloride reaction is produced in the cold and not only after 
heating to 70“ or So"". 

The test is not impaired by heating tne oil to 250°; Heller {J.S,CJ., 
1923, 42, 896 A) finds to the '^mtrary and states, in opposition to Lewkowitsch, 
that the intensity i% reduced by the action of animal charcoal, whilst Graven- 
horst {J.S.C.I., 1924, 43, B183), considers that refining with fuller’s earth 
has the same effect. During hydrogenation the intensity of the reaction is 
gradually reduced until it almost completely vanishes, but, to a certain extent, 
it gradually returns on keeping the hydrogenated ^il. All ordinary samples 
of sesame oil give the reaction although some rancid oils have been found 
which give it with less intensity, whilst mixtures of small quantities of sesame 
oil with quantities of other rancid seed oils sometimes fail to give the reaction 
altogether (Sprinkmeyer and Kreis, Analyst, 1908, 33, 100). Zimmermann 
{J.S.CJ,, 1912, 31, 442) has shown that the refining and deodourising of 
sesame oil tenc^to reduce the intensity of the colour reactions. Kreis and 
Roth {Analyst, 1913, 38, 1.60) state that hydrogenated sesame oil gives the 
Bellier reaction with nitric acid and resorcinol in benzene solution (2 c.c. 
of the oil shaken with 2 c.c. of a saturated solution of resorcinol in benzene 
and 2 c.c. of concentrated nitric acid) and also the hydrogen peroxide test 
(page 235). A slight reaction is sometimes giveij by olive oils which are 
perfectly genuine. 

Prax {JS.CJ,, 1921, 40, 778A) fitids that if these normal olive oils are 
shaken with tjjieir own volume of 90 per Ant. alcohol containing 10 per cent. 
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of ammonia, and then heated for live minutes on a water-bath to expel the 
alcohol and ammonia, the red colouration is not obtained when the Villa- 
vecchia test is applied. 

Royer {Analyst, 1910, 35, 490) found that some samples of poppy-seed 
oil give slight positive reactions, 

Method Recmnended.—FoT all ordinary purposes it will be found quite 
sufficient to perform the simple test with cane sugar and hydrochloric acid 
as outlined above, Some of the modifications are perhaps more delicate, 
but extreme delicacy in such a test is not necessarily desirable, and in any 
case the slight advantages likely to be derived do not compensate for the 
additional labour involved, 
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PHYSICAL TESTS 
, Thermal Tests 

When solid and liquid fats are mixed with certain reagents, such as free 
halogens or sulphuric acid, a large amount of heat is liberated and a con- 
siderable«rise in temperature of the mixture takes place. The two substances 
which have been most widely used for this purpose are pure sulphuric acid 
and bromine, whilst sulphur chloride has been used to a less extent. 

The method of working is quite simple, it being simply by mixing con- 
venient quantities of the oil and the reagent and noting the rise in tempera- 
ture. The attual experimental details are discussed below under the separate 
headings. 

The Maumeni Value. — Maumcne^s sulphuric acid test, which he first 
introduced in 1882, has been the subject of many investigations and the 
amount of work published on the subject is out of proportion with its import- 
ance. It\as first introduced as a rapid sorting test, but there is no longer 
any great necessity for this as more accurate and almost equally rapid methods 
have been introduced, and if a thitrmal test is considered valuable for some 
particular purpose then the bromine thermal value, described below, will 
give better results. Olive oil is the only oil Mr which the test has ever been 
of any real value. 

Archbutt (J.S.C./., 1886, 5, 304) laid down certain methods for carrying 
out the test, as he was able to show that the results obtained depended 
largely on the style of apparatus and particularly the strength of the acid 
used as is shown by the following table : 

Table XIX. — Results of MAUMENt: Test (Archbutt) 


Temperature observed with Acid containing 


' Kind of Oil. 

per cent, of 

• 

97-38. 

96 71. 

I 1 

1 i 9375 - 

i « 1 

9273 

91-85. 

1 

Olive . . . 

Rape . . . 

Olive (impurt) 

°c. 

43-25 

42-25 

63; 62 

48-5 

48-5 

°c. 

42 

6 x 

47: 47-5 

°C. i ’’C. 1 °c 

39 ! 36-5 34-5 

58 54 ' 50-25 
«:! 5 !j»:K; 38 - 5 i 39 

44 -5 4^ 25 ^ 

“C 

31 

47 

35-5 

35-5 

°c 

28 

29-35 

140-5; 43 

1 32-5 
32-5 


In cases where a large rise in temperature is obtained various workers 
have suggested the dilution with an oil havir-f; a small value. Olive oil 
has been used by many, but Ellis ^. 5 .C./., 1886, 5, 150, 361) strongly re- 
commends dilution with mineral ^^1 although Tortelli {Chetn. Zeit.^ 19091 
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33, 126) has pointed out the errors to which this may lead and insists on the 
use of olive oil as a diluent. Where a diluent is used the Maumene number 
may be calculated in the following way : Mix one volume of the oil to be 
examined with two volumes of olive oil having, say, a Maumene figure of 
45. IfT is the rise in temperature observed then the Maumen6 figure for 
the oil will be given by 

It would appear, however, from the work Kessler and Mathiason 
{y.S.C.1., 1911, 30, 372) that the results do not follow the additive law in 
mixtures and that, therefore, this method will only give comparative results. 

Thomson and Tlallantyne (J.S.CJ.y 1891, lo, 234) suggest that^in order 
to overcome some of the sources of error, the temperature rise with the oil 
should be compared with that given by water under exactly similar circum- 
stances. The ratio so obtained (multiplied by 100 to remove decimals) 
they term the specific temperature reaction. The method is carried out 
in the following way. 

Place 50 grams of the oil into a small Dewar vacuum (a modified apparatus 
is suggested by J. W. Marden, Analysiy 1916, 41, 176; 1917, 42, 401) test- 
tube and adjust oil and sulphuric acid lo approxinftitcly the same lemperature. 
Run 10 c.c. of concentrated sulphuric acid into the oil from a pipette (time 
of delivery one minute) and stir w ith a thermometer to which may attached 
a small paddle made of tin-plate. Continue the stirring until no further 
rise in temperature takes place and deteiy|Uiiie the rise in temperature {a). 
Now repeat the process using water at the same temperature and observe 
the rise in temperature in this case [h). Tlie specific temperature reaction 
is then given by 100 a. It will be seen from the following table, due to 
h 

Thomson and Ballantync {loc, cil.) that this method almost entirely removes 
the discrepancies caused by variation in the strength of the acid. 


Table XX. — Results of Maumen6 Test (Thomson and Ballantyne) 



Sli 1 ]i 1 uur Acid of 
t)5 } per cent 

SaI]»]iLii 1C Acid of 
<{(j S pi'i cent 

Siilpiiunc Acid of 
, 99 ])cr cent. 

NiikI of OjI. ' 

J\iso ni 
Triupna- 
Inu*. 

■’C 

Specific 

Tcttipcra- 

turc- 

Reaction 

• 

Rim‘ in 
d ciujicra- 
liiro 

”C. 

Specific 

Tempera- 

ture 

Reaction 

Iti'ac in 
Tempera- 
tiiro 

X. 

j Specific^ 

1 Tempera- 
1 ture 
j Reaction. 

Olive 

36-5 

95 

39*4 

95 

44-8 

! 96 

Olive . . . j 



39 

94 

43-8 

1 94 

Rape . . . 1 

49 

127 



58 

! 124 

Castor . 

34 

88 i 

37 

89 


1 ’ * 

Linseed 

104-5 

270 

1 


124-2 

269 

Water 

38:6 

100 

41-4 

100 

46 '5 

100 


The following results ^ere obtained by Thomson and Ballantyne {loc, 
cit) by their method (cf. Jenkins, J..S.C./,, 1897, 16, 194; C. A. Mitchell, 
» Analyst^ 1901, 26, 169; Tortelli, 19091 34» ib8): 
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Menhaden 306 

Cod-liver 243-272 

Seal 212-229 

Whale 157 

Linseed 320-349 

Tung (Japanese) 330 

Cotton-seed 163-170 

Rape 125-144 

Arachis 105- 137 

Olive ... * 89-94 

Castor 89-105 

Neat’s-foot 87 

^perm “ oil*' . . 93-100 


It might be assumed that there is some relationship between the iodine 
value and the Maumene value. This is true to a certain extent, but as the 
factor varies from 1*83 in the case of olive oil to 1*15 in the case of castor 
oil it is obvious that the method can in no way be used as a substitute for 
the iodine value. In general the method will not be used for any purpose. 

For the Sulphuric Index,’* see olive oil, page 274. 

The Bromine-Thermal Value . — The exothermic reaction between fats 
and bromine has been made use of by Hehner and Mitchell {Analyst^ 1895, 
20, 148) a%a method for their examination in the following way : 

Place I gram of the oil in a Dewar vacuum-jacketed test-tube and dissolve 
in 10 c.c. of chloroform and then a^^l i c.c. of bromine at the same temperature 
from a pipette (the upper end of tlie pipette is fitted with a soda-lime tube 
and is best operated by means of a rubber ieat). Stir the mixture with 
a thermometer to which may be attached a paddle made of tin-plate, and 
note the increase of temperature. 

The method is rapid and the figure obtained multiplied by the factor 
5*5 will, under certain circumstances, give an approximation to the iodine 
value. This is shown by the following table due to Hehner and Mitchell 
{loc. cii .) : 

Tabi.e XXI. — Bromine-Thermal Values (Hehner and Mitchell) 


OjI (A Fat. 

lle.it ot 
Bruiiunalion, 
X 

Iodine 

Expen nu'iit 

Slumber. 

Cnl ciliated. 

Lard, No. 1 

10-6 

57-15 

58-3 

„ No. 2 

10*4 • 

57*13 

57-2 

» No. 3 

1 1 -2 

03-11 

61 *6 

,, No. 4 . • 

11*2 

61-49 

61-6 

No. 5 

11 -8 

64*69 

64-9 

,, No. 6 

II-8 

63-96 

64-9 

» No. 7 

j IO‘2 

57-15 

1 56-1 

„ No. 8 , 


57-80 

57-2 

„ No. 9 . . . . . 

1 9-0 i 

50-38 

49-s 

„ No. 10 

i II-Q 

[ 58-84 

60-5 

„ 10 per cent, cotton-seed oil . 

Il-f) 

64-13 

63-8 

Lard fatty acids 

10*4 

I 59-60 

57-2 

»» >» n 

ii-o J 

59-15 

60-5 

Mutton fat (kidney) 

. 81 1 

44-48 

44-5 

„ „ (flare) 1 • 7*6 I 

39-70 

1 41*8 


■yr 
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Oil or Fat. 

Heat of 
Bromination. 
‘’C. 

Iodine Number. 

Experiment. 

Calculated. 

Butter, No. i 

6-6 

37-07 

36-3 

» No. 2 

7*0 

38-60 

38-5 

„ and fatty acids .... 

6*2 

36-50 

34-1 

Almond oil 

17-6 

96-64 

q6-68 

Olive oil 

15-0 

80*76 

82*50 

Maize oil 

21*5 

122*0 

118*20 

Cotton-seed oil 

19-4 

107*13 

106*70- 

Castor oil 

150 

83-77 

.82-50 

Linseed oils, No. i 

30*4 

160-7 

167*20 

„ , No. 2 

313 

»54-9 

172*00 

Rape oil, No. i 

i8*4 

88-33 

101*20 

„ » No. 2 

17*6 

1 77-2 

96*80 

Cod-liver oil 

28-0 

144-03 

140*00 

»»>»>» 

19-0 

108-5 

104*5 

»» (commercial) . 

1 I9‘2 

105-7 

105*6 

»> )> M ... 

i t8*9 

105-7 

103*9 


The variations observed in the case of linseeu oil, rape oil and S|^me others 
is doubtless due to the formation of substituted bromine compounds. The 
process has been considered by Jenkins 1897, 16, 194); L. Arch- 
butt {J.S.CJ.y 1897, 309)** Wiley 1896, 15, 384); Gill and 

Hatch (y.A.C,S., 1896, 18, 378) ; and J. W. Marden {Analyst, 191b, 41, 176). 

The last observer expresses the value in calories per gram of oil. The 
following table gives his results together with the relationship of the values 
to the iodine values : 


Table XXII. — Relation of Bromine-Thermal Values and 
Iodine Values (Marden). 


OjI or Fat. 

Heat of 
Bromination 

Iodine Value 
found. , 

Iodine Value 
calculated. 
Factor, 0 84O 

Deviation 
per cent. 

Sandalwood 

Cals, por grin 

274-0 

270*0 

• 

232*0 

-14*1 

Raw linseed 

206-0 

1725 

174*2 

0*98 

Boiled linseed . 

204-6 

169*0 

173*0 

2-36 

Chinese Wood . 

150*0 

156-0 

127-0 

-18*6 

Maize .... 

146*2 

123-1 

123-8 

0-57 

Sesame .... 

126*4 

108*2 

107*0 

--I*I2 

Rape-seed . 

120*8 

105*8 

102*2 

-3*4 

Cotton-seed 

117*0 

101*7 

99*0 

— 2*6 

Sperm .... 

1 109*0 

93*4 1 

92*2 

-'1*28 

Castor (purified) 

104*1 

88*8 1 

88*1 • 

-0*79 

,, (commercial) 

102*2 

87 -5 

86-5 

-1*14 

Arachis .... 

102*2 

83-2 

86*5 

3.96 

Olive, I ... 

100*7 

84-0 

85*2 

1*43 

„ II . . . 

96*6 

80-0 

81*7 

2*12 

„ III . . . 

*95*4 

80-3 

80 *7 

0*5 

Neat’s-foot . 

83*0 1 

. 68-7 

70*2 

2*2 

Lard .... 

79*3 

68-6 

67*2 

-2*04 

Mineral 

; nil. 

I « 
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The Sulphur Chloride Thermal Value, — ^The use of sulphur chloride in 
place of sulphuric acid was proposed by Fawsitt {J.SJCJ,^ 1888, 7, 552). 
The method is carried out in a similar manner, and offers no particular 
advantages. It has not been examined at all extensively, and at the present 
time has probably fallen into entire disuse. 


Miscibility Tests 
The Valenta Test 

The solubility of oils in acetic acid was first made use of by Valenta 
{J,S,CI,* 1884, 3, 643), who determined the solubility, not directly, but by 
means of what has been described as the critical temperature of dissolution, 
which is that temperature at which the oil and the acid first become com- 
pletely miscible under standard conditions. This point is determined by 
heating the mixture until completely bright, and then allowing it to cool, 
and taking the temperature, well shaking all the time, at which the first 
permanent turbidity is obtained. 

This test has been st^idied by various observers, notably by Allen 
{J.S,CJ,y 1886, 5, 282); I loton, Thomson and Ballantyne 1891, 

10, 233) ^Chattaway, Pearmain and Moor {Analyst^ 1894, 19, 155); Jean, 
Fryer and Weston {Analyst, 1918, 43, 3); and Parkes {Analyst, 1918, 43, 
82). These observers have shovyn that, although the test is of considerable 
value when proper precautions* are adopted, serious discrepancies are 
likely to arise owing, firstly, to the use of acetic acid of varying strengths, 
and, secondly, to the influence of the presence of free fatty acids in the oil 
under examination. 

The most complete examination of the method has been made by 
Fryer and Weston {loc, so that it is not necessary to deal with the 

earlier work at any length. 

In order to overcome the difficulty of determining accurately the com- 
position of the acetic acid used (a variation of i per cent, in the amount of 
water present makes a difference of nearly 30^ in the reading obtained), 
these authors standardise the reagent by means of pure English expressed 
almond oil (cf. Jones, Analyst, 1894, 19, 151, who suggested butter) of known 
degree of acidity, and make a correction, based on a series of experiments, 
for the acidity of the oil under examination.. The following is the method 
of working which they suggest ; 


• Preparation of Reagents 

(i) Acetic Acid, — Glacial acetic acid is allowed to solidify, and the 
crystals so obtained drained from adhering liquid at 15° C. They are then 
melted and the test with almond oil carried out as described below. Should 
the test give a figure varying from 70° to 90"^ the acid is suitable for use, 
although a figure as near to 80° as possible is desirable. If the figure obtained 
by the test is above 90°, a further freezing and draining of the crystals is 
necessary, whilst if below 70°, water is added to the acid until a suitable 
figure is obtained. The amount of water necessary is about 0*029 per 
cent, for each degree rise in temperature required. 

The acid is preferably kept in a vacuum flask (of the kind readily pur- 
chased at a low figure nowadays). It will be then very unlikely to freeze 


V 
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during the night in cold weather. If this is not available an ether bottle 
will suffice, but the acid must be melted when frozen, and will then pro- 
bably change in value. A 2 c.c. pipette with a long stem is kept permanently 
immersed in the acid, being held tightly in a good cork, the open end kept 
closed by means of a piece of rubber tube provided with a cap of solid 
glass rod, the whole forming a close cover. It is thus unnecessary to suck 
the acetic acid into the pipette for measurement, and accession of moisture 
from this cause is avoided. Parkes (Analyst^ 1918, 43, 82), suggests the 
employment of a proportion of butyric acid to prejyent freezing; he suggests 
about 10 per cent. 

(2) Standard OiL — This should be English expressed almond oil (obtain- 
able from Stafford Allen) which should be kept in a well-corked bottle, 
and the acidity determined at intervals. The figure obtained is corrected 
for acidity as described below. 

(3) Preparation of the OiL — The oil must be absolutely free from 
moisture or the results will be useless. This condition is best brought 
about by filtering the warm oil through thick filter-paper. Fryer and Weston 
state that the oil should further be placed in a test-tube immersed in boiling 
water, and that a thick wad of cotton-\vool should then be forced to the bottom 
of the tube by means of a stout wire plunger-^ in this way all traces of 
moisture will be removed. 


The Test 

A test-tube is used of such diameter fttat the 
is completely covered by 4 c.c. of liquid. The xxxv,w*.^v. 

tightly into a cork fitting to the test-tube, a small groo\'c being cut in the 
side of the cork for escape of hot air. A graduation mark is made on the 
test-tube with a diamond or file at 2 c.c. from the bottom. Pour the oil 
into the tube up to the 2 c.c. mark at the temperature of boiling water 
(Fryer and Weston have shown that the results arc not affected by slight 
variations in the proportions of the oil and solvent) and measure in also 2 c.c. 
of the acid at about 20° by means of tlie pipette. Insert the thermometer 
and heat, whilst shaking carefully, over a naked flame until the mixture 
clears. Then allow to cool slowly, shaking all the time, and take the tem- 
perature at which the first signs of turbidity appear. The»acid value of the 
oil is determined, and the experimental figure corrected for this, and also 
for the reading actually obtained at the same time with the sample of almond 
oil as described below . ('Phis last precaution is necessary as the acetic acid 
reagent readily changes in sUength on keeping.) 

Fryer and Weston carry out the test with two thermometers, one having 
a small bulb and reading to 0-5'^, and the second having aJarge bulb and 
reading to o*i°. They first carry out the test as described above, using the 
small bulb thermometer. Then they repeat the determination, using the 
large bulb thermometer (graduated to O'l*^), but this time place the tube in 
water heated to about 5*^ above the temperature found in the former deter- 
mination and shake until clear. The tube is then allowx^d to stand immersed 
in the hot water until the faintest sign of turbidity appears, when the exact 
temperature is noted. This refinement wnll give accurate results suitable 
for exact W'ork, but will hardly be necessary for routine examinations when, 
in general, the single deterij^ination will suffice. 
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Calculations 

(i) Correction for Acidity . — The correction for acidity of the oil should 
first be made. Ascertain, by reference to the following table, the correction 
for I per cent, acidity for the class of oil under test, multiply this by the 
acidity found and add the result to the temperature figure obtained. 


Table XXIII. — Influence of Acidity of Oils on Valenta Figures 


Class of Oils 


Marine 

Drying . 

Semi-drying 

Non-drying (except rape and castor) . 
Vegetable fats (except coconut group) 

Rape-oil gfoup 

Coconut oil and palm kernel . 

Animal fats (except butter fat) . 

Milk fats ^ . 


Typical Oil 
employed 

Fall in Turbidity 
Temperature. 
Degrees per i per cent. 
Acidity (as Oleic). 

Whale 

1*00 

Linseed 

1-85 

Cotton-seed 

177 

Almond 

2*27 

Palm 

2-10 

Rape 

2-23 

Coconut 

173 

Lard 

2-15 

Butter fat 

1-41 


Note. — If the class of the oil is unknown, a figure of 2*0 may be allowed 
in all cases, but the acidity of the oil, for this test, should be preferably 
low. 

(2) Correction for Acetic Acid. — The figure given by the acetic reagent 
with the standard almond oil must, where it differs from 80°, be corrected 
by means of the following formula : 

0 

-^^t+{So-t'), 


where V true Valenta.” 

t = temperature obtained with oil tested, corrected for acidity. 
t' = temperature with standard oil and tlj^e same acid (correcting for 
acidity if necessary). 

• 

Note. — If the standard almond oil is not neutral, the acidity must be 
ascertained, and the correction made in all cases. 

(3) Typical^ Results. — Fryer and Weston suggested ' that the final figure 
should be put into the form 

V X 10 
80 

which gives a figure in the neighbourhood of ib*o, and which shows by 
inspection that the necessary corrections have been made. 

l^g obtained by these authors are set out in the following table : 

* i 
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Table XXIV. — Typical Results of Valenta Tests 
(Fryer and Weston) 


Oil or Fat. 

Acidity 
per cent, 
(as Olcic) 

Valenta 
Number 
Acetic 
Acid. /. 

Standard 
Test 
Almond 
Oil (n. 

Adjust- 
ment 
Factor for 
Acidity 

True 
Valenta 
V==f + 
(80 -0 

Vx 10 

80 

Perilla 

5 '5 

19*0 

73*5 

I -85 

35*7 

4*5 

Linseed . 

2-0 

39*5 

76*0 

. I -85 

47*2 

5-9 

Tung .... 

0*9 

38-3 

73*5 

1-85 

46-5 

5-8 

Soya bean 

1*0 

6i*5 

90*0 

1-85 

53*3 

67 

Niger .... 

1-2 

45-3 

73*5 

I -85 

54*0 

67 

Sunflower 

2*2 

527 

73*5 

1-85 

63-2 

. 7-9 

Maize 

2*8 

73*2 

90*0 

1*77 

68*2 

8-S 

Cotton 

O'l 

69-5 

90*0 

1*77 

59*7 

7*5 

Sesame . 

4*0 

73-0 

90*0 

177 

70*0 

87 

Rape .... 

0*6 

109*0 

8o*o 

2*23 

110*3 

13-8 

Almond . 

0*9 

78-3 

8o*o 

2*27 

8o‘3 

10*0 

Arachis . 

i*i 

95 '8 

00*0 

2*27 1 

88-3 

11*0 

Olive (i) . 

0*7 

70*0 

8o-o 

. 2*27 : 

71*6 1 

9-0 

Olive (2) . 

1*8 

72*5 

1 800 

2*27 

76-5 

9*5 

Olive (3) . . . 

3*6 

68*0 

1 8o*o 

2*27 

76-2 

9*5 

Cacao butter . 

2*9 

88*0 

j So*o 

2*10 

940 

117 

Chinese vegetable 
tallow . 

6*9 

1 

69*8 

1 ^0-0 

2*10 

74-3 

9*3 

Palm oil . 

0*1 

, 89-8 

1 76-5 

2*10 

93-5 

117 

Japan- wax ^ . 

1187 

37*0 

! 88 

2*10 

( 08 ?) 


Lard .... 

0*9 

82*0 

1 7 f >-5 

2*15 

87-5 

10*9 

Tallow 

0*1 

102*0 

1 90*0 

2*15 

92-2 

11*5 

Butter fat 

1*9 

45*3 

i 90*0 

1*41 

38-0 

47 

Coconut . . . 1 

0*0 

13*5 

1 81-5 

1*73 

12*0 

1-5 

Palm-kernel fat . j 

0*0 

: 25-5 

i 8 i-5 

i *73 ! 

24-0 

3-0 

Coconut (2) . . 1 

1 

1-6 

.. 

' 1 

; ■■ ! 

’* 

1 



« 

The following papers may be consulted: C. (jriinme (Afialyst, 1914, 39, 
216, 434); J. K. N. van Kregtcn {J.S.C.I.y 1920, 39, 305A) ; G. Fascetti 
{J.S.C.l.y 1922, 41, 912A) ; A. O. A. C. {Analyst, 1923, 48, 224); but tlje 
information contained therein *is largely covered by the work of Fryer and 
Weston given above. 

_ Jie Cnsfjier Test 

The use of alcohol in a similar manner to that of acetic acid in the 
Valenta test was first suggested by Crismer {Analyst, 1895, 20, 209), and has 
been widely adopted for some purposes on the Continent. The method 
has been discussed by several authors such as Cesaro, Herlant, Asboth and 
Stewart (cf, J.S.C.L, 1896, 15, 300, 562), but the work of Fryt:r and Weston 
has replaced that of the earlier authors. Fryer arid Weston {Analyst, 1918, 
43, 3) use a mixture of equal volumes of amyl alcohol and industrial methy- 
lated spirits (92 per cent.) adding sufficient water — about 0‘ii per cent, 
for each rise in the observed temperature required — to bring the experi- 
mental result with almonS oil to 70° after making the allowance for the 
acidity of the latter. 

* Acidity too iLigh for calculation. ^ 
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For every i per cent, of acidity, as oleic acid, the standard temperature 
must be lowered by 2*07®. Thus, in the case of almond oil of acidity 1*5 
per cent., the alcohol is adjusted to give a turbidity temperature of 66*9®. 
The great advantage of this reagent over that of Valenta (acetic acid) is that 
it keeps for a considerable length of time without changing. 

The test may be carried out in exactly the same manner as is described 
on page 90, for the acetic acid reagent, whilst the acidity of the oil may be 
readily determined on the mixture after completion of the test. The 
influence of the acidity of the oils may be seen from the following table 
due to Fryer and Weston :• 


Table XXV. — Influence of Acidity of Oils on Turbidity Figures, 
^(Amyl-ethyl-alcohol Reagent) (Fryer and Weston) 


Class of Oils. 


Marine 

Drying ^ . 

Semi-drying 

Non-drying (i) 

Non-dryi% (2) 

Vegetable fats (except coconut group) 

Coconut group . 

Animal fats (except butter fat) 

Butter and Milk fats 


, Typical Oil 
! employed. 


; Whale 
Unseed 
Cotton -seed 
Almond 
Rape 
j Palm 
I Coconut 
Lard 

Buttcif fat 


Fall in Turbidity 
temperature. Degrees 
jier 1 per cent. Acidity 
(as Oleic). 


1*95 

2-05 

2-03 

2-07 

i‘6i 

1*72 

2-01 

2*13 

1*54 


Note . — If the class of the oil is unknown, a figure of 2*o may be allowed 
in all cases, but the acidity of the oil, for this test, should preferably be low. 

The following table due to the same authors gives the results likely to 
be obtained for different classes of oil : 


Table XXVI. — Results of Crismer Tests for Differen^ 
Classes c/f Oil (Fryer and Weston) 


Oil or Fat. 

Acidity 
per cent. 

(as Oleic). 

Cribiiier 
Vj^lue 
(mod ). 

Adjii.btnicnt 
Factor foi 
Acidity 

True 

"i'alue. 

Perilla oil . . . 

5*5 

49-0 

2-05 

60-3 

Linseed oil . . 

2*0 

58-3 

2*05 

62-4 

Tung oil . . . 

0*9 

74-0 

2-05 

75*8 

Soya-bean oil . 

1 -2 

65-0 

2-05 

67-0 

Niger oil 

j 2*2 

57-5 

, 2*05 

60 -o 

Sunflower oil t 

; 2*2 

59-5 

2*05 

64*0 

Maize oil 

1 1 

62-5 

2-03 

68-2 

Cotton oil 

1 O-I 

65-0 

2*03 

65*2 

Sesamd oil .... 

: 4*0 

60-5 

2*03 

C8*i 

Rape oil 

1 

82-3 

i-6i 1 

83*3 

Almond oil ... . 


68-2 •’ 

2-07 

70*1 

Arachis oil .... 

1 . ! 

72-0 

2*07 

74*3 
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Oil or Fat. 

Acidity 
per cent. 

(as Oleic). 

Cnsmer 

Value 

(mod.). 

Adjustment 
Factor for 
Acidity. 

True 

Value. 

Olile oil (i) . . . . 

0*7 

67-8 

2-07 

69*2 

,, „ (2) . . . . 

1-8 

65-5 

2*07 

69-2 

»j »» (3) .... 

3-6 

61-5. 

2*07 

69*0 

Cacao butter .... 

2*9 

71*0 

172 

76*0 

Chinese vegetable tallow. 

6*9 

54*0 

172 

65-9 

Palm oil 

0*1 

I 68 '0 

172 

68-2 

Japan-wax * . 

187 

44*0 

172 

. 76*1 

Lard 

0 * 9 * 

70-8 

2*13 

727 

Tallow 

0*1 

72*5 

2-13 

727 

Butter fat 

1*9 

43*0 

1*54 

46*0 

Coconut 

0-0 

34*0 

2*01 

34'0 

Palm kernel .... 

0-0 

40*0 

2*01 * 

40-0 

Coconut (2) . . . . 

1-6 

30-0 

- • 

2*01 

33-2 


Other information on the Crismcr test is given by A. J. J. Vandevelde 
{J.S,C.L, 1911, 30, 755 ; Analyst, 1921, 46, 243) ; H. Duper 1911, 

30,907); Hoton 1912, 31, 397); Davidsohn and Wrage (J.S.C.I., 

34 > 722); Stewart (J.S.CJ., 1918^.37, 668A) ; J. R. N. Van Kregten 
{J-S.C.L, 1920, 39, 305A); L. Vandam {Analyst, 1920, 45, 19). 

Various other substances# such as acetone, aniline and alcohol, phenol, 
benzene, dimcthylsulphate (Harrison and Perkin, Analyst, 1908, 33, 2), 
and liquid sulphur dioxide 1922, 41, 58 lA), have been suggested 

as suitable solvents for modified turbidity methods, but up to now the 
results obtained have not been superior to those recorded above. 

Miscibility Curves 

The principle of miscibility curves was first suggested by Louise and 
Sauvage {Analyst, 1907, 34, 365), w^ho obtained a series of turbidity tempera- 
tures, using acetone, by means of the following method, and plotted the 
results in the form of a curve: • 

A weighed quantity of the oil is mixed with 20 c.c. of acetone in a tube 
closed with a cork, through \thich a thermometer is passed. The mixture 
is then citlier heated or cooled, as required, until a point is obtained at which 
the turbidity just disapp?ars. This is called the mixing-point. Other 
weighed quantities of the oil are treated in the same way, and from the 
observations obtained a curve is plotted out, the temperatTire being set off 
against the weight of oil. The i^iantity of oil employed should lie betw^een 
15 and 30 grams. With more than 30 grams of oil to 20 c.c. of acetone, 
the mixture becomes very viscid, so that the temperature is not the same 
throughout the mass. • 

The curve so obtained is characteristic for each oil and is said to be a 
means not only of distinguishing one oil from another, but also of detecting 
the presence of adulterants in known oils. Louise has continued his work 
on this subject C7,*S.C./., 1909, 28, 892; 1910, 29, 43^; 191L 30. 556) with 
cod-liver oil and other oih and reports useful results. He has applied the 
same method to the examination of fruiter (jf.S.CJ., 1911, 30, 965) and 
♦ Acidity too kigh for calculation. 
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butter substitutes and in this connection he uses a cylindrical bath containing 
concentric chambers, the outer of which is closed with the exception of two 
small openings for the escape of vapour and the introduction of a ther- 
mometer. This chamber is charged with heavy lubricating oil (“ valvoline ”), 
whilst the inner chamber is filled with ordinary petroleum oil. lo grams 
of the melted and dried fat and lo c.c. of the typical ” petroleum oil are 
placed in a large test-tube, which is closed with a cork through which passes 
a thermometer, and is placed in the inner chamber. The “ typical 
petroleum oil should be such that when 20 c.c. thereof are mixed with 10 c.c. 
of absolute alcohol the turbidity temperature is 4*9", and with 5 c.c. of alcohol, 
4*0°. Increasing quantities of aniline an* then introduced into the tube, 
the turbidity temperatures determined and the miscibility curves plotted. 

5 c.c. of the aniline should give a reading of 69° when mixed with 10 c.c. 
of the typical petroleum oil, and 10 c.c. a reading of 72°. 

The method has been adapted to cacao butter by Marange {J,S.C.I.t 
1923, 42, 840A) and by Rosset, Marange and Vinter [Analyst^ 1924, 49, 

91) all of whom use aniline-alcohol mixtures. These authors state that 
with a suitable liquid, such as pure aniline, which may be identified by its 
miscibility curve with a well-defined liquid like 50 per cent, aqueous alcohol 
(i) pure cacao butters yield virtually identical miscibility curves, the extreme 
differences of temperature being 2-7 ’; (2) with the exception of illipe butler, 
the common adulterants of cacao butters do not exhibit the phenomenon 
of miscibifity; and (3) the presence of minimum proportions of such adulter- 
ants in cacao butter may be detected by means of the temperatures of re- 
ciprocal miscibility. 

The method will doubtless receive extended trial by various workers 
and may under suitable conditions be found to*yield valuable results. 

Melting-Point 

Although normally quite a simple process the determination of the 
melting-point is, in the case of fats, one of considerable difiiculty. The 
determination of an exact melting-point is impossible on account of the fact 
that, firstly, because of their nature fats do not melt sharply and, secondly, 
the figure obtained depends Vicry largely on the conditions of the experiment. 

The difiiculty ^is further increased by the ])roperty possessed by tri- 
glycerides, which is known as the ‘‘ double melting-point.” The higher 
of. the two melting-points is the one usually taken lo be the “ correct ” one; 
it is the figure obtained with the glyceride m the crystalline condition, a 
condition which is reached only when the sub^ance has remained in the 
solid condition for some hours. The lower melting-point is probably given 
by an amorphou§ or unstable modification. The phenomenon is w'cll shown 
in the case of tristearin, which has a normal melting-point of 7T\ but if the 
melting-point be determined immediately after fusion and resolidification 
it will be found to be 55°. According to Bdincr [Ai/alyst, 1907, 32, 357) 
the lower melting-point is the temperature at which the labile modification 
changes into tRe stable form. Le Chatclier and Cavaignac {J.S.C.L^ I9i3» 

32, 296), from an investigation carried out with ” vegt^taline ” (a coconut 
oil preparation) and stearin, conclude that the change of state of fats at 
their melting-points is strictly reversible, as in the case of chemical compounds 
generally, but that it is characterised by extreme j^lowness. Various aspects 
of this question have been studied by de Visser {J.S.CJ., 1898, 17, 853), 
Carlinfanti and Levi-Malvano {J.S.C^.y 1909, 28, 1318), and by R, Krcmann J 
and his co-workers (J.S,C.Ly 1Q12, 31*, 104.0; i()i4» 33, Q28, Q2 q), Cf.f'^ 
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also Griin {Berichte, 1912, 45, 3691), Smits and Bokhurst {Proc. K, akad. 
Wetensch. Amsterdam^ 1912, 15, 681), and E. Twitchell {Analyst^ 1914, 
39, 448). A. Eisenstein 1920, 39, 663A). 

The important point to remember for practical work is that the melting- 
point of fats should not be taken for some time after they have been allowed 
to solidify. In the case of some fats, such as cacao butter, several days are 
necessary, in other cases twenty-four hours will suffice, but in order to be 
on the side of safety as much time as possible should be allowed. Where 
time is an important item a few hours on ice may be substituted for a longer 
time at the ordinary temperature with little liability of error. 

Frequently results are given under two headings, firstly, the point of 
incipient fusion, which is the temperature at which the fat is just becoming 
liquid, whilst still retaining solid particles, and, secondly, the point of^complete 
fusion, which is the temperature at which the fat becomes completely trans- 
parent. The latter temperature is the one usually reported where no de- 
scriptive details are mentioned, but it is always wise to refer to the actual 
process that has been adopted when recording results. 

Methods for the Determination of Melting-Point 

I. The Capillary Tube Method. — A small quantity of the fat is placed 
in a thin-walled capillary tube (made by softening in the Bunsen flame a 
piece of ordinary glass tubing about 5 mm. in diameter and drawfng it out : 
it should not be too narrow) closed at one end. The tube is attached to 
the bulb of a thermometer by a small riJl)^^ band (easily made by cutting 
about 3n inch from a piece of ordinary l i.th rubber tubing) so arranged 

that the part of the tube containing the substance is at the middle point of 
the bulb. The thermometer is then placed in some suitable liquid bath 
(heavy liquid paraffin or glycerin serve well), the end of the capillary tube 
being above the level of the liquid, provided with a stirrer, preferably 
mechanical, and gently heated by means of a very small flame. The tem- 
perature should not rise more than about 1° per minute when the neighbour- 
hood of the melting-point is reached. The appearance of the fat is carefully 
watched and the temperatures noted when the changes in consistency take 
place (cf. M. Monhaupt), An elaborate apparatus for the routine deter- 
mination of melting-points has been suggested by Blichfeldt and Thornlcy 
{Analyst, 1921, 46, 180), Christomanos {J.S.C.L, 1S90, 9, 894), I>e Sueur 
and Crossley {J.S.C.L, 1898, 17, 988). 

2. 'J'he Thermomcier Bulb Method . — This method, which consists in 
coating the bulb of a therfnomcter wnth a thin layer of fat and noting the 
temperature at which a drop of liquid fat forms at the bottom of the bulb, 
was originally suggested by Pohl and has been examined by Finkener, 
Ubbelohde, T. Redwwd, Meldrum and Knapp. The difficulty attaching 
to the method is that of obtaining a uniform layer on the thermometer 
bulb and considerable inaccuracies may be caused by this means. The 
method has been examined at some length by Meldrum {J.S.C.I., 1913, 32, 
1077), who states that the essential point is the uniformity with which the 
thermometer bulb is coated with the fat in sufficient quantity to form two 
drops. If the first falling drop appears opaque the coating is too thick 
and the thermometer should be heated or cooled 5° to 10° and its bulb re- 
coated by a rapid dip iny) the fat. It is also necessary to remove the fat 
from the apex of the bulb by means of filter-paper; otherwise the readings 
will be too high. In the case of very soft mixtures it is advisable to cool 
the bulb to or — 5° and then to ftiake a rapid dip. Too thiiii a film of fat 



PHYSICAL TESTS 


97 


will cause the drop to form too slowly and the M.Pt. to be too high. A 
suitable apparatus for the determination is a test-tube, 7 in. by i in., which 
is passed through a bung in a beaker about 7 in. by 3 in. The thermometer 
with the attached fat is fixed centrally in the test-tube, whilst a glass stirrer 
is moved continually up and down in the water round the outside of the 
•tube. The speed of heating should be at about the rate of 1° in two minutes, 
and the larger the bulb of the thermometer the more gradually should the 
temperature be raised. 

A modified form which gives good results, and which leads to accurate 
results, is suggested by Kmapp 1915, 34, 1121), who proceeds 

as follows: 

Very fine scrapings are taken with the point of a knife over a repre- 
sentative ^surface of the material. These fine scrapings are transferred 
with as little injury as as possible to the bulb of the thermometer. They 
should cover less than one-half of the bulb. Under these conditions one 
can plainly sec when the sharp outline of the scrapings begins to soften, 
and also when the fat is completely transparent. 

An alternative method of carrying out this test is as follows : An amount 
of mercury sufficient easily to cover the bulb of the thermometer used, is 
placed in a small basin whic^ is in turn put into a beaker containing water 
which can be heated gradually. A small quantity of the fat, in small shavings, 
is placed on the surface of the mercury. On heating the water in the 
beaker, a [?oint will be reached at which the fat spreads over the surface of 
the mercury. Skwv heating i.s essential for the accuracy of this method, 
which is not so good as that of KnTipp above. 

3. Platinum Loop Method, — This method is carried out [Analyst^ 19^7, 
42, 29), in the following manner: * 

To the thermometer employed is attached a platinum wire of a thickness 
of 0'3 to 0*4 mm., the free end of wdiich is formed into a loop of 8 to 9 mm. 
diameter. The wire is attached in such a manner that the loop assumes 
a vertical position immediately in front of, but not touching, the mercury 
bulb. The fat to be examined is melted at a gentle heat, and when it is 
almost cool enough to solidify, the platinum loop is dipped parallel to the 
surface into the liquid and quickly withdrawn, leaving a thin film of fat, 
completely filling the loop. This is allowed to cool for an hour,* the wire 
attached to the thermometer, which is then immersed in a wide-necked 
glass flask of about 250 mm. capacity, filled with distilled water, which is 
slo.wly heated on an asbestos card, until the film of fat in the platinum loop 
becomes completely transparent just before breaking up. The temperature 
of complete transparency* is the melting-point of tjie fat. 

Method Suggested. — The simplest method, and one which gives results 
as accurate as cap be expected from the nature of the fats themselves, is 
that of Knapp. In some cases where it is necessary to confirm results 
obtained by this method, the capillary-tube process may be used. A note 
should be made of the temperatures of incipient fusion and of complete 
fusion. 

Melting‘Poitiis of the Mixed Fatty Acids. — In general, the melting-points 
of the mixed fatty acids are more easy to determine with accuracy. The 
determination may be carried out either by Knapp’s method, or by the 
capillary-tube method, and no difficulty is usually encountered. 

* Cf. paffe 96. * 
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Solidifying Points 

A, Solidifying Point of Mixed Fatty Acids, Titer Test 

When the mixed fatty acids in the molten condition (and to a lesser degree 
the oils themselves) are allowed to cool, and so commence to solidify, the 
latent heat of fusion is liberated, so that the rate of cooling will be consider- 
ably reduced at the point of solidification, and frequently a considerable rise 
in temperature is observed. This observation forms the basis of the titer 
test, which will now be described. In order that concordant results may be 
obtained by various workers it is most important that the test be carried out 
under standard conditions, and to this end numerous suggestions have been 
made by various authors. The method which has received most general 
acceptance is that of Dalican, which may be carried out in the following way: 

Obtain the fatty acids from 50 grams of fat as described on* page 44, 
allow the fatty acids to solidify and to stand overnight in a desiccator. Melt 
the substance carefully and pour as much into a test-tube 16 cm. long by 
3*5 cm. wide, as will fill the tube more than half full. Fasten the tube by 
means of a cork into a wide-mouthed bottle 10 cm. wide, 13 .cm. high and 
then place a thermometer (graduated in 1/10° from - 5 to 60° C. having a 
mercury bulb about 3 cm. long and 6 mm. in diameter, and carefully cali- 
brated) in the fatty acids, so that the bulb is ifi the centre of the mass, by 
means of a cork held in the mouth of the test-tube. Observe carefully when 
turbidity commences, or crystals commence to separate out, an 4 then stir 
the mass with the thermometer in one direction three times, and then in the 
contrary direction three times, and then Continuously without touching the 
sides of the test-tube. The temperature is then carefully watched. It 
will be found at first to fall regularly (readings may be taken every half- 
minute, and plotted if so desired), and then a sharp rise will take place, 
after which it will remain stationary and then commence to fall again. 
The highest point of the rise is taken as the titer. Duplicate results should 
agree to within o-i*^. 

The following results have been obtained by Lewkowitsch {Oils^ Fats 
and Waxes, Vol. I), from the examination of a large number of samples of 
oils of the kind named : 

Table XXVII. — Titer Tests of Mixed Fatty Acids (Lewkowitsch) 


Glass of Oils. 

, Kind of (.)il 

j Tiler Test . 

i 

Drying oils 

Linseed 

Tung 

Hemp seed 

Safllow^er 

Soya bean 

Poppy seed 

i 

1 20-6 

37*2 

•i6-6 

16 

1 21*2 

i i6-2 

Semi-drying oils 

Cotton seed 

32 ' 0 - 35*2 


Maize 

19-0 


Sesame 

23-8 


Croton 

19-0 


Curcas 

j 28-6 


Rape t 

1 




physical tests 

Table XXVII. — Continued. 




Class of Fat or Wax. 

Kind of Fat or Wax. 

Titer Test. ®C. 

Non-drying oils 

Peach kernel 

13-5 


Almond 

II-8 


Arachis 

29-2 


•Koeme 

38-8 


Olive 

i7*2“26*4 


Ben 

37-8 

Marine animal oils 

Japanese sardine 

28*2 


Cod-liver 

13 ■9-24-3 


Seal 

15-9 


Whale 

23*9 

Terrestrial animal oils 

Sheep ’s-foot 

2I-I 


Horse *s-foot 

28-6 


Neat 's-foot 

26-5 

Vegetable fats 

Chaulmoogra oil 

39-6 


Pongam oil 

44*4 


LaureJ^il 

15-1 


Carapa oil 

34-9 


Margosa oil ^ 

42-0 

1 

Niam fat 

42-5 


Mowrah-seed oil 

40-3 


Palm oil 

35 -9-45 -6 


Macassar oil 1 

51 -6-53 -2 


Sawarri fat j 

47 ’0 

i 

Nutmeg butter 

36-0 

! 

Shea butter 

53*8 


Cacao butter 

48 -3-49 -6 

1 

Chinese vegetable tallow 

45-2-S3-4 

• 

Palm-nut oil j 

20'S-25-5 

1 

Coconut oil, commercial 

22*6-25 -2 

1 

Coconut oil, Coclvn 

25*2 

^ 1 

Japan -wax 

59-4 

Animal fats ! 

Horse fat 

337 

t ! 

Horse-marrow fat 

38-6 

1 

Lard 1 

42-0 


Beef tallow 

38-3-46-3 

i 

Mutton tallow i 

41 •5-48-3 

. 1 

Beef marrow ^ 

38-0 

Liquid waxes 

Sperm oil ! 

11*9 

i 

Arctic sperm oil 

8*6 


The Committee of Analysts appointed by the Ministry of Food in 1918 
state that in cases where it is desirable to determine titer the method to be 
adopted is that prescribed Ijy the Seventh International Congress of Applidu 
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Chemistry. Yhis method is given* in lilll m Lewkowitsch^s Chmkd 
Techmlogy of Oils and Fats, fifth edition, 1913, Vol. I. 

For convenience this description is given here : 

“ (a) A clear glass cylindrical vessel having an inside measurement 9 cm. 
high and 275 cm. diameter, and sides about 0*30 cm. thick, slightly rounded 
at the bottom and provided at the top with a glass lip or ebonite flange. 

(b) An outer vessel of clear glass (13 cm. deep and 10 cm. wide), for the 
protection of the inner cylinder from draughts, etc. 

(c) An ebonite or wooden cover (not metal (fr other good conductor of 
heat), with a hole in the centre and slightly depressed flange on which to 
hang the flange of the inner cylinder. 

(d) Two small pins to keep the cylinder in position. 

(e) An accurate thermometer graduated from about —5° to about 70 
in -Jth of a degree. The size of the bulb to be as nearly as possible 2-5 cm. 
in length and o-6o cm. in diameter. 

(/) An upright pillar provided with : 

(g) An arm from which to suspend the thermometer, and fastened into : 

. (A) A Stout base or stand of wood, hollowed slightly to receive the larger 
glass vessel and keep it in position. 

For the convenience of raising the apparatus, if necessary, so as to bring 
the top of the mercury in the thermomeier on a level with thi eye, the 
apparatus niay, if required, have tlie wooden stand attached to a sliding 
tube fixed over the upright rod and ino^d^lc by the screw. In this case 
there will be required a further foot to support the whole. 

The Conimiilcc agreed, ^ince broken- , merchants and others find it 
necessary for commercial purposes (such as tendering for sale, the removal 
of goods from quay, shipping, etc.) to have the “ titer test reported as 
quickly as possible, that in urgent cases the author’s direction, viz,, to allow 
the fatty acids to solidify and to stand overnight under a desiccator (see 
p. 98) need not he insisted upon, especially so, as Frank Tate urged that 
in his own experience no difference in results was obtained. Inasmuch as 
the author had found, not infrequently, that low^r results were obtained 
when the fatty acids were tested immediately after they had been liberated, 
an experience which is confirmed also by otheV observers, the compromise 
arrived at by the decision of the Commillce should he used in cases of urgency 
only.” 


B. Solidifying Point of Fais 

The solidifying point of fats may he determined in the same apparatus 
as that in which the titer test is determined. The rise in temperature, 
however, frequently docs not take place and a slowing down in the rate of 
cooling is all that is noticed. It follows then that the method is not so accurate 
as is the titer test, yet on account of the ease and rapidity wit^ which it can 
be determined it is sometimes of considerable value. 

Polenske {Analyst y 1907, 32, 382; 1908, 33, 476), who uses the difference 
between the melting and solidifying points of a fat as a means of detecting 
adulteration, obtained the solidifying-point as that point at which two narrow 
black lines (2 mm. long, oqj mm. thick and 0-25 mm. from each other) drawn 
on the further side of the tube no longer appear as separate lines. This 
method would not appear to be as acciftate as the one given above. 
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The Indb?c pF Btolwctt^ 

' ' ' V’n'- ' ’ ’ 

Many instruments are now on tjie mi^rket by which the index of re- 
fraction of various substances can be rapidj^y determined. There would 
seem to be no useful purpose in describing instruments at length 
in this place more particularly as complete details are always supplied with 
each instrument. 

For technical work refractometers reading to more than the fourth 
decimal place are unnecessary and, inasmuch as a higher degree of accuracy 
requires considerably more care and lime, undesirable. For most purposes 
the Abbe refractometer, which reads directly to four deciflaal places, is the 
best instrument, although the butyro-refractometer has several advantages 
in that iHs less expensive, requires no setting and is somewhat more delicate; 
most oils have refractions which lie on the scale of this instrument, but it 
is not of much value for other substances. The butyro-refractometer 
gives its readings on an arbitrary scale. These readings may be transferred 
to indices of refraction, and vice versa^ by means of the conversion table 
given on page 486. The setting of the butyro-refractometer is discussed 
by .Liverseege and Singleton {Analyst^ 1921, 46, 93). 

As has already been explained on page 6 the temperature adopted for 
the determination of the inuex of refraction is 40" — where slight differences 
of temperature are used, in order to save setting the instrument exactly 
at 40”, a^corrcction may be made by adding 0-00037 to the determined 
value for each degree that the temperature is too high and vice versa. 

The temperature of the instru^lient is lixed by means of a constant stream 
of water at known temperature. The apparatus to obtain this is usually 
expensive, the following apparatus, however, Jias been found by the author 
to be quite satisfactory; it costs a few shillings : 

An enamelled camp kettle of al>out 4 litres capacity, fitted with a lid, 
and about 15 feet of inch drawn brass tubing are required. The tubing 
is rolled up into a spiral of sufficient size to fit into the kettle, and two small 
holes are bored in the lid through which the ends of tlie spiral are passed — 
one end being connected wdth the refractometer and the other to a constant 
head of water. The water, after it enters the heater, should have an entirely 
upward course, thi^ being so arranged to prevent the accumulation of air 
bubbles. 

A refractomeffer of a different type constructed by Amagat and Jean 
was in use up to a few years ago. This instrument, known as the oleo- 
rcfractomcler, was one in which the oil to lie examined was compared with 
a standard oil supplied My the makers and the result expressed in “ degrees ’* 
with either a positive or negative sign. In ordtr that older figures in the 
literature obtained by this instrument may be compared with indices of 
refraction the Mlowing table (p. 102) showing the relationship between the 
two may be found of value. 

A very simple method of obtaining the refractive index of a sample 
of oil has been suggested by H. S. Simms {J.S.C. 1 .^ 1921, 40, 706A). In 
this method t 4 ie oil is drawm into a bulb, 0*5 in. in diameter, having a capillary 
above and below' it; the lower capillary is then sealed and the bulb full 
of oil is immersed in an oil of known refractive index contained in a wide 
test-tube. The bulb is raised and lowered while looking through it at a 
distant object ; if the image rises as the bulb is raised and sinks as the bulb 
is lowered, the refractive index of the oil is les? than that of the standard 
oil in the test-tube. Similarly, if ^he bulb is filled with an oil having a 
greater refractive index than that of th^ standard, the image sinks when the 
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bulb is raised and rises when the bulb is lowered. By testing the bulb in 
a series of oils of different but known refractive indices, the value for the oil 
under examination may be found within 0*0005 of the true value. 

Table XXVIII. — Comparison of Indices of Refraction 


Refractive 
Index. 15®. 

Oleo ! 

Refractometer ) 
Refractive j 
Figure. 22®. 1 

Refractive 
Index. 15®. 

Oleo 

Refractometer 

Refractive 

Figure. 22®. 

I -4668 

-17 

1*4734 

II 

1-4673 

-15 

1-4744 

15 

I *4678 

-13 

1*4770 

26 

I *4684 

— 10 

1-4784 

32 

1-4694 

-6 : 

1-4790 

34I 

I *4698 

-4 ' 

I -4800 

39 

I *4700 

-34 i 

1-4805 

41 

I *4708 

0 

1-4810 

43 

1-4713 

2 1 

1 -4822 

48 

1 -4720 

5 i 

1-4832 

S2i 

1-4725 

7 ! 

I -4840 

56 . 

I -4729 

U j 

I -4844 

57J 

1-4730 

9 ' 

i 




It is quite possible to purchase oils of known refractive index commercially, 
so that the method may be found useful, if tedious, by those who do not 
possess a refractometer. 

The following papers may be consulted for the special points with which 
they deal : 

“ The Refraction Constants of Vegetable Oils.” J. Kliment, 
J.S.CJ,, 1911, 30, 292. 

“ The Relation of the Refraction of the Fatty Acids to that of the 
Oil from which obtained. W. B. Smith, J.aS'.C./., 1912, 31, 139. 

“ The Relation between the Chemical Constitution and Refractive 
Index of Fats.” C. Chencveaii, y.^.C./., 1918, 37, 64A. 

” The Bromine Refraction Value of P'ats.” R. Biazzo, y.S.CJ,^ 
1924, 43, B478. 

^ Viscosity 

When any liquid is allowed to flow through a narrow tube the velocity 
will not depend entirely on the ” head ” of liquid which produces the flow 
as the liquid itself shows more or less resistance to the motion. Findlay 
states that all parts of the liquid do not move through the tube with the 
same velocity, but the layers next the sides of the tube move more slowly 
than the middle layers. There is thus a shearing, or a movement of the 
different layers past one another in the direction of flow; and this displace- 
ment of the different layers relatively to one another is opposed by the internal 
friction or viscosity of the liquid. We can, therefore, regard the liquid as 
made up of a number of concentric tubes sliding past one another like the 
tubes of a telescope. ' 

When the liquid is moving through the narrow tube, there will be a 
constant difference in velocity between the different tubes, of which we 
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have regarded the cylinder of liquid made up, and it has been found that the 
force per unit area which is necessary to maintain this condition is propor- 
tional to the difference of velocity, n, of two adjacent tubes (or their relative 
velocity of displacement), and inversely proportional to their distance, 
apart, i.e.: 

Force =« x~ 

X 

where « is a constant known as the coefficient of viscosity. When the velocity 
of displacement of two layers is equal to the distance between the layers 
(v=x)y the force per unit area becomes equal to the coefficient of viscosity. 
This gives the definition of the latter quantity. It may be defined as the 
force required to move in opposite directions two surfaces of a liquid i sq. 
cm. in area, and i cm. distant with a velocity of i cm. per second. 

For the flow of a homogeneous liquid through a capillary tube, the 
expression has been deduced : 

”“8V, 

where p is the driving force, r^is the radius of the tube, f is the time required 
for the volume, V, of liquid to flow through the tube of length i . 

The Determination of Viscosity 

I. Oswald's Method . — The apparatus usually employed for the deter- 
mination of the viscosity of liquids in general is the Oswald modification of 
Poiseuille’s apparatus, a careful description of •which is given by Dunstan 
and Strevens 1912, 31, 1063), and by Savill and Cox {J.S.C.I., 1916, 

35, 151). Cf. fliggins (y.S.C. 1 ., 1913, 32, 568), Strevens (J.S.C. I., 1914, 
33, 109). This consists of a U-tube, one arm of wide tubing about 40 cm. 
in length having a bulb at the lower end, the other arm consisting in part of 
a capillary tube of about 0-4 mm. bore at the upper end of which is a bulb 
having marks placed immediately above and below. In order to make a 
determination, a definite volume of liquid is introduced into the bulb in the 
larger limb by means of a pipette, and is then forced up into the narrow limb 
until the level of the liquid is above the mark placed immediately above the 
bulb. The liquid % then allowed to flow back into the wider tube, and the 
time taken by the liquid to flow from the mark above the bulb in the capillary 
tube to the one below accurately observed. The same obser\^ation is then 
made on some standard lll|uid such as water when, if n and «, be the coeffi- 
cients of viscosity respectively, s and the specific gravities, and t and t^ 
the times of outflow, then 

n St 

It will be seen that this expression gives the relative viscosity of the 
second liquid— the coefficient of viscosity in absolute units may be ex- 
pressed by substituting that for the comparison liquid in the above 
equation. 

This method has obvious disadvantages in the case of oils, where con- 
venience and speed must be taken into serious ac^^ount. For this reason a 
number of instruments have been suggested which measure the time taken 
for a known volume of the liquid to flow through an orifice of known but 
relatively large dimensions, others such ^s the Doolittle torsion viscometer 
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use more indirect methods. Of the efflux type of viscometer, that of Red- 
wood is the best known in this country, where it is the instrument nearly 
always mentioned in specifications. Other instruments are due to Saybolt, 
Engler, Barbey, Lamansky and Nobel, etc. ; as these are similar in principle 
to that of Redwood they need not here be described in detail. For a modi- 
fication of this apparatus cf. G. F. White {Analyst^ 1912, 37, 143), as also 
y.s.cj., 1920, 39, 812A. 

2. The Redwood Viscometer . — This instrument was designed many years 
ago by Redwood 1886, 5, 126). It consists essentially of a silvered- 

copper vessel, fitted at the bottom with an agate jet of standard dimensions, 
to contain the oil to be tested, the whole being surrounded by a bath, fitted 
with a stirrer, which can be heated to any desired temperature. The oil 
vessel has a stopper consisting of a metal sphere attached to 51 wire, the 
sphere resting upon a hemispherical cavity in the jet; there is also a small 
bracket fitted with an upturned point, which serves to indicate the point to 
which the vessel must be filled with oil. A determination is made in the 
following way : 

After having made sure that the jet is clean and dry (this and the careful 
treatment of the jet are most important), set up the apparatus and level by 
means of the adjustment screws. ImII the water-jacket with water and heat 
to the nece.ssary temperature. Fill the oil vessel with the sample to 
be tested (it is, of course, of the utmost importance that the oil be free from 
water and solid impurities), until the level of the liquid just breaches the 
point supplied. When the oil has attained the exact temperature desired, 
raise the ball and allow the oil to run ftito a 50 c.c. graduated flask placed 
underneath, taking the time necessary to fill the flask by means of a stop- 
watch . • 

Redwood recommends that the results obtained be compared with 
refined rape oil by means of the formula 

.... n 100 ..5 

Viscosity 

535 015 

where 71 is the number of seconds recorded and the specific gravity of the 
oil, 535 being the average time of ellluv in seconds for pure rape oil; as 
general rule, however, it is more useful simply to record the actual time of 
outflow under the standard conditions, careful mention being made of the 
temperature at which the determination is made. • 

The conversion of Redwood viscosities into absolute viscosities has been 
shown by Archbutt and Dec^ley {Lubi /cation and. Lubricants)^ to be readily 
possible. 'The matter has been further examined Savill and Cox {J.S.C.I.j 
1916, 35, 151), who find* that the connection between viscosity and seconds 
flow in a Redwood viscometer can be expressed by a straight line graph. 
The Redw^ood instrument may be calibrated in the foliowing manner as 
suggested by Archbutt and Deeley: 

Prepare eight solutions of purest glycerin in distilled w^ater as set out in 
the table on page 48S and take their s]>ecific gravities at 2o‘^/20°. Determine 
the eflux time for each solution, and for pure water in the viScometer at 20°. 
Ascertain now^ the density (d) of each solution by multiplying the S.G. 
20°/20° by 0*99826 (the density of water at 20°) and find the viscosity from 
the table (due also to Archbutt and Deeley) of viscosities on page 488. The 
variation in the viscometer for liquids of different viscosities, usually sym- 
bolised as K, is given by 
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where t is the time of efflux in seconds, and d is the density. The various 
values of K for the different solutions are then plotted in the form of a curve, 
so that all intermediate values of K corresponding to td may be read off. 

In order to determine, then, the absolute viscosity by means of the 
Redwood viscometer, the efflux time is first determined, and then the 
density of the solution determined by multiplying the specific gravity at 
40^/15° by 0-9991 and thus find t x d. Then by means of the curve for the 
particular viscometer, prepared as described above, read off the value of 
K (Archbutt and Deeley fou/id that for oils having viscosities below 40 it is 
more exact to take the value of K corresponding to 7/5 /J), which multiplied 
by td will give the absolute viscosity or 

The Temperature of Working. — Unfortunately, as yet, there is no standard 
temperature or temperatures at which viscosities are observed. Results have 
been published at almost all temperatures from to 150° and higher. These 
figures are valuable in some instances as showing the variation in viscosity 
from one temperature to another, but it is highly desirable that some standard 
temperature should be agreed upon to which all workers would conform. 
There is much to recommend the 40*^ suggested by Fryer and Weston, as 
it is the same temperature at which refractive indices are now usually observed 
and at thisf point even fats are molten. It will be, however, desirable to 
have two other temperatures, one high and one lower, for work of special 
character; for this temperatures ol^2o^ or 25"^ and loo^' would have much 
to recommend them. 

Further notes on the relation of viscosity k) other properties and the 
viscosity of mixtures are given in the follow'ing papers : 

Kessler and Mathiason. J.S.C.L^ 1911, 30, 372. 

G. F. White. y.S.C.L, 1912, 31, 442. 

White and Thomas. J.S.C.I.y 1913, 32, 32. 

The viscosity of some vegetable oils as determined in the Redwood 
Vixcometer by Crossley and Lc Sueur (J.S.C.I.y 1898, 17, 990) are shown 
in the following table : 


Table XXIX. — Viscosity of Vegetable Oils (Crossley and Le Sueur) 


Oil. 

I^llux Time * 

Oi! 

Efilux Time. 
7 o»F 

• 

Linseed .... 

212 

Radish seed . 

385 

Tung 

858-1433 

Arachis .... 

307-429 

Walnut .... 

232 

Olive . . . ^ . 

312 

Safflower . . • . 

247 •8-294 

Mahua .... 

90-107 

Poppy seed 

254-259 

Phulwara 

110*4 

Amoora .... 

376 

Malabar tallow^' . 

101-104 

Niger seed 

263- 293 

Kokiim butter . 

lor 

Argemone 

269-272 

Coconut .... 

64 

Garden cress 

322 

%■ 

1 

1 


• Number of^Seconds for 50 c.c^ of water in*the same viscometer at 70® F. =25*4. 
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Figures given by Fryer and Weston (OiZf, Fats and Waxes) are the absolute 
viscosities multiplied by one hundred. 


Liquid. N x ioo. 


^ Water . 

0-657 

Sperm oil . 

17 

Olive oil 

34 

Rape oil 

40 

Castor oil . 

248 


The figures given by various instruments with the same oil have been 
determined by W. Meissner and are given in the following table : 

c 

Table XXX. — Viscosities of Vegetable Oil (Meissner) 


Seconds for Outflow in Viscosimeters. 



At X 1 

i 

Englcr's 1 
2f»o c c 1 

1 Englcr’s 

1 2nQ c c 

Rodwo( 3 d. 
50 c c. 

Saybolt- 
" Universal.’* 
Go c c. 

Water .... 

20 

51-26 

51-39 

26-47 

' 28-55 

Rape oil ... 

50 

236-1 ^ 

. 237*0 

142-5 

169*1 

Rape oil ... 

! 20 

7351 

! 73 ^^ 

424-3 

515-6 

Lubricating oil 

1 150 

' 362-3 

1 3 ^ 2*9 

221*1 

258-6 

Lubricating oil 

1 120* 

! 

2525 

1 

2527 

1490 

1759 


Specific Gravity 

The various methods for the determination of specific gravity are so 
well known that it will not be necessary in this place to go into great detail^ 
in their description beyond pointing out the various modifications and pre- 
cautions which are necessary in the examinations of oils and fats. 

In the case of fats liquid at the ordinary temperativ’*e the determination 
is usually carried out at 15" or 15-5'", in glass, compared with water at the 
same temperature. When, ^s in the case of fats solid at this temperature, 
another one is used it is usual to express this employing a fraction the 
numerator of which gives the temperature at which the determination was 
made and the denominator that of the standard volume of water. Thus, 
to state that the specific gravity of an oil is 0 917 15 -5^/4° means that its 
specific gravity at 15 *5® is 0*917 compared w ith an equal volume of water at 4°. 
The standard temperature usually adopted in this country is i5*5°/i5*5®; 
in America and some tropical countries 25‘"/25° is more usual. The 
temperature i5°/i5° was fixed at the International Conference on Food 
Analysis held in Paris in 1910 (Analyst, 1911, 36, 538) except for solid fats 
where a wide choice is suggested — such figures will not differ materially 
from those obtained at i5'S''/i5'5°> so that this standard should be adopted. 

Solid Fats . — In taking the specific gravity of fats in the solid condition 
it is very important to sfe that the substance is free from air bubbles. The 
best method of ridding the material of these is to melt the substance and 
then allow it to cool thoroughly in an*evacuated desiccator. 

The determination is best earned out by attaching to a pitce of suitable 
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size another solid (say a piece of lead) which is sufficiently heavy to submerge 
the lighter body in water. The specific gravity is then determined by finding 
the weight of the substance in air, the apparent weight of the substance and 
sinker in water (by attaching to the hook of the balance pan by means of 
a very fine piece of platinum wire and allowing them to hang in a beaker 
full of water resting on a wooden stirrup standing clear of the balance pan) 
and the apparent weight of the sinker by itself in water. If w is the weight 
of the fat in air, Wi the apparent weight of the fat and sinker in water and 
s the apparent weight of the sinker in water, then the specific gravity of the 
fat is given by • 


W — - 1 - 5 . 

The specific gravity of solid fats is frequently taken at a temperature 
at which they are liquid ; the methods used are given below under liquid fats. 

Liquid Fats . — The determination of the specific gravity of liquid fat6 
may be carried out roughly by means of a hydrometer, somewhat more 
accurately, but not quite so readily, by means of the Wcstphal balance, 
and with a high degree of accuracy (usually higher than is really necessary) 
by means of some form of specific gravity bottle or pyknometcr. Other rough 
methods, usefully described as flotation methods, will also be described. 

1. The Hydrometer . — The ordinary hydrometer is made of glass and 
consists of stem carrying a scale on which the specific gravity is read, a 
cylindrical body, and a lower bulb containing mercury in order to cause 
the whole to float upright. The lufuid to be tCvSted is contained in a small 
cylinder sufficiently wdde to take the hydrometer comfortably. The hydro- 
meter is put in carefully making sure that there *\rc no adherent air bubbles 
and that the stem is wet with the liquid for a short distance above the level 
of the liquid, h'or transparent liquids it is better to take the reading by look- 
ing under the surface, having the eye on a level with the surface, and taking 
the point where this appears to cut the hydrometer as llic true reading. 

When using the hydrometer in the examination of oils the main difficulty 
arises (assuming the correctness of the instrument and the fact that it is 
" floating freely without touching the bottom or sides of the containing jar) 
from the viscosity of the oil which causes some time to elapse before the true 
position is assumed. To avoid error in this direction it is a good plan to 
take two readings, 8ne after the hydrometer has been placed a little below 
the. point of equilibrium and allowed to rise and the other when it has been 
placed a little above and ^^llowed to fall. By ftclecting suitable instruments 
the method may be reasonably accurate for routine determinations. 

2. The Westphal Balance . — This is a balance on the steel-yard principle, 
at one end of which hangs a plummet which displaces exactly 5 c.c. of 
water. When tht? plummet hangs in air the balance is adjusted so that the 
two points are exactly opposite to one another. When the plummet is 
immersed in some liquid, riders have to be added to bring the balance 
again into equilibrium. I’he largest rider weighs five, grams (for a 5 c.c. 
plummet), so iSiat the first decimal place is shown by the position of this 
on the beam when the system is in equilibrium, other riders are used being 
one-tenth, one-hundredth, and one-thousandth of this — these, therefore, 
show the second, third, and fourth decimal places respectively. For liquids 
denser than water one of the largest riders is hung^from the plummet hook. 
Should it happen that two riders occupy the same notch on the beam, the 
smaller is hung from the larger. t 

The Westphal plummet can be used in connection wdth an ordinary^ 
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15 mm oiA 
toil: O-A'vnrfu 


to 

n 

loj 


CrRlNO bottom op CAP 

Plat and smooth 


7 5 nw oiA. 
tol? 0*5 rmn 


capillART: 



General Description * Pyknomeler or specific gravity botllt, consisting of three parts, viz., bottle, cap- 
Pyrex glass, capillary stem to be made of regular stock, all parts to b$ thoroughly annealed. Grinding: 
of bottle, and of cap on upper end of capillary stem. Hare. Bottom slightly concave as shown, to stand 
engraved on each instrument, the same serial number to appear on each of the three separate parts, 
in separate box. 
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PYKNOMETER 


SLOPC OP STEM INDICATED 
DIFFEWElMCe OP l o Tn"* OIA IN 
vertical DISTANCE OF lOmvr^ 

AS SHO'V'N 

\Py pcrtm^sion oj MrC A, Afitchell 


illary stem and cap. Capacity: 50 ml,, ttJlerance 5 ml. Material : Buttle and cap to be made ol 
To be done with the utmost care, irfiuring perfect fitting of stopper portion of capillary stem into neck 
on flat surface. Special Marking : Manufacturers’ serial number, and name, initials or trade-mark to be 
Dimensions: To be as shown and within the specified tolerances. Case • Each instrument to be packed 



no 


EDIBLE OILS AND FATS 


balance, which is, in general, more delicate than the Westphal balance. 
The jar holding the liquid to be tested is placed on a fixed support striding 
the balance pan and so arranged that the latter can move freely without 
coming in contact with it. The method is capable of considerable accuracy 
when plenty of time is allowed for the balance to take up its true position of 
equilibrium. 

3. The Specific Gravity Bottle, — There are various types of this bottle, 
most of which are useful and many of which give results of considerable 
accuracy. Probably the most accurate form is that which has an internal 
thermometer and also a capillary side tube "having a ground glass cap. 
This type has been adopted for the determination of the specific gravities 
of glycerin by the International Committee. The specifications for such a 
bottle are as below: 

Base, — Bottom slightly concave as shown, to stand on flat sufface. 

Neck. — Should be thoroughly ground with tight joint. Thermometer 
rigid when in place with no indentation between tip of neck and thermometer. 

Thermometer, — Thickness of glass as near as possible to ^y^th in. 
Extremities of bulb approximately equidistant from shoulder and base of 
body to pyknometcr. The joint at the lower end of the thermometer should 
contain no unground portions, and should project slightly above the top of 
the neck. Scale range from 10'^ to 40"" gra*cluatcd in r,th°. Accuracy to 
be guaranteed vithin between 15'' and 20^. Scale of opalescent glass 
to be scaled rigidly in place. ♦ 

Capillary, — Ground portion fitting into cap to be ground true without 
shoulder below lower end of cap to present ridge forming or wearing. 

Numbering. — All instruments to be numbered serially, same number to 
be shown on bottle, cap a.nd thermometer of each instrument and manu- 
facturer’s initials to be etched on bottle. 

Capacity. — Approximately 50 c.c. 

Note. — Each pyknometcr to be packed in separate box. 

The method of using this instrument in connection with glycerin as 
described by the Industrial Committee is given below, liquid oils may be 
examined in a similar manner : 

“ The pyknometcr used in the sp. gr. estimation on glycerin should be of 
the standard 50 c.c. Gcissler type, provided with a piece of glass tubing 
6 cm. in length and attached to the side tube of the pyknometcr by means 
of a piece of rubber tubing 2*5 mm. in diameter and 2 •cm. in length. The 
thermometers should be calibrated at four points, namely, 15^, 20*^, 25° 
and 30*^, and each instrument should be furniS|hcd with the thermometer 
corrections for these four temperatures. » 

Prepare the pyknometcr, either for standardisation or for use, by first 
cleaning the interior with chromate cleaning solution, thoroughly rinsing 
with water, alcohol and ether, and expelling the ether by a current of air, 
which has passed through a drying train which will free it from dust, grease, 
moisture and acid. Under no circumstances subject the pyknometcr to 
any considerable elevation of temperature. Wipe the pyknometcr first 
with a damp cloth and then with a dry cloth or witli filtir-paper. This 
standard method for preparing the pyknometcr for accurate weighing 
insures uniformity with respect to the invisible film of moisture present on 
glass surfaces. 

The method of staiylardising the pyknometcr should parallel the pro- 
cedure indicated for the estimation of glycerin, except that freshly-boiled 
distilled water, which has been coaled to about the temperature of the 
constant temperature bath, is substituted for the glycerin. ^The capacity 
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in grm. of water at 15*6° is calculated from the weight of water obtained at 
corrected by the following formula: 

C=w.^ . ^ 


in which 


Observed temperature. 

W ^ Capacity in grm. at f. 

C— Capacity in grm. at 15*6'’. 

D = Density of water at 15*6°. 

- Density of water at 

« ---’Thermal coefficient of cubical expansion of glass ==0-00025 
per 1°. 


The procedure actually suggested for filling the bottle with glycerin and 
weighing is given below : 

Place the tubing attachment firmly over the end of the pyknometer 
capillary, and transfer the glycerin to the pyknometer, avoiding air bubbles. 
Wipe the lip and inside of the neck of the sample bottle with a clean, dry 
cloth before and after pouring out the glycerin to prevent getting any diluted 
glycerin in the pyknometer. Also wipe the stopper of the sample bottle 
with a dry cloth before replacing it in the bottle. After filling the pykno- 
meter, carefully draw up the glycerin in the tubing attachment until it 
appears well up in the capillary. Set the thermometer firmly in place and 
wash the whole apparatus free of the surplus glycerin. Set the pyknometer 
in a constant temperature water-b^Tdi and maintain the temperature of the 
bath constant until the thermometer in the pyknometer and the thermometer 
in the bath register the same temperature, and Mlow to remain for a period 
of 10 minutes longer to make sure that the tcmj)erature of the glycerin is 
the same throughout the pyknometer. Carefully remove the tubing attach- 
ment and wipe the excess glycerin from the top of the capillary with a dry 
finger before removing the pyknometer from the water. After removing 
the pyknometer from the water, wipe the ground portion of the capillary 
quickly with a piece of filter-paper, and replace the cap tightly. Wipe the 
whole pyknometer, first with a wet cloth, and then with a dry cloth, and 
weigh rapidly. 

Calculation : 


G 

c ■ 


1 

I I 


f U (/ ■-i5-6)-Sp. gr. at 


15-6“ 


in which t = Observed tcifriperature. 

G - Grm, glycerin at /. 

C = Capacity of pyknometer in grms. of ^vater at 15-6'^ . 
« ---Coefiicient of expansion of glass -- 0-000025 per i \ 
/S ^Thermal coefficient of expansion of glycerin. 

-o-o^o6i between 15 *6' and 
0-000615 between 20° and ,25"". 

= 0-00062 between 25'' and 30 . 


Where work of the greatest accuracy is required it is, of course, necessary 
to take into account the displacement of the air by the pyknometer, and also 
by the weights. In order to obtain the true weigl^t (/.e., the weight which 
the body would have in a vacuum) of a body weighed in air with brass weights, 

we must add to each gram apparent weigh the quantity — o *000 14 j 
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grams. The following table, due to Kohlrausch, gives the value of this 
correction in milligrams for different values of rf, where d is the specific 
gravity for the body being weighed. 


Table XXXI.— Table of Correction Values in Specific 
Gravity Tests (Kohlrausch) 


d. 

Correction 
mgs. per grin. 

d. 

Correction 

1 mgs. per grm. 

d. 

Correction 
mgs. per grm. 

07 

1-57 

2-0 

0-457 

9 

-0*010 

0-8 

1-36 

2-5 

0-337 

10 

-0-023 

0-9 

I-I9 

3.0 

0-257 

II 

-0-034 

i-o 

i*o6 

3 '5 

0'20J 

12 

- 0 -Q 43 

i-i 

0-95 

4-0 

0-157 

13 

-0*051 

1*2 

0-86 

4*5 

0-124 

H 

-0*057 

1*3 

078 

5*0 

0-097 

15 

-0*063 

1-4 

071 

5*5 

0-075 

16 

-0-068 

1*5 

0*66 

6-0 

0-057 

17 

-0-072 

1-6 

o*fii 

6*5 1 

0-042 

18 

— 0-080 

17 

0-56 

7*0 1 

0-029 ' 

19 

-0-080 

1-8 

0-52 

7*5 

0C17 

20 

-0-083 

1-9 

0‘49 

8*0 

0-007 

21 

-0-086 


These precautions, although csseiuial where results of the highest 
numerical accuracy are recjuircd, are quite unnecessary in the ordinary 
examination of oils. In general it will only be necessary to divide the weight 
of oil by the vy eight of the equal volume of water, both being at 15°. 

'Fhe following table, giving the specific gravity of water at various tem- 
peratures, ^vill be useful i'or calculating the volume of the bottle when this 
is not obtained exactly at 15". 


Table XXXII.— Specific Gravity of Water 
AT Differi'NT Temperatures 


Tcnipovatuve. 

^C. 

Specific Gravity 

'Feniperalure 

T. 

Spo( ific Gravity. 

9 

1-06071 

16 " 

0-99985 

10 

T -00063 

17 ' 

0-99966 

II 

1-00053 

18 ! 

0-99948 

12 

1-00041 

19 

0-99928 

^3 

I -00028 

20 

0-99907 

14 1 

I -00015 

21 

0-99886 

1 

I -00000 




4. The Sprcjjgel Tube- -The Sprengel tube is really a convenient form of 
specific gravity bottle susceptible of great accuracy and of great value for the 
determination of specific gravities at temperatures other than that of the 
room. As it can be mi^de of almost any size by the use of light capillary 
tubing throughout it is particularly useful where only small quantities 
of oil are available. It consists essentially of a U-tube the ends of which 
are drawn out to a capillary and bent at right angles having ground glass caps 
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to fit. One of the capillary tubes is drawn out to a point and the other has 
a mark on it. For use the whole is filled with the liquid and immersed in a 
bath of water at the required temperature. When no further expansion or con- 
traction takes place the liquid is carefully adjusted on the mark by apply- 
ing a piece of filter-paper to the pointed end; it is then wiped and weighed. 

This method is particularly useful for the determination of the specific 
gravity of solid fats in the liquid state, in fact, it is the only completely satis- 
factory method. For such purposes the limbs are usually made at an obtuse 
angle with the body rather^ more than at right angles, as in this way it is 
easier to submerge the whole of the liquid in the hot bath at the required 
temperature. Where observations are carried out at high temperatures, such 
as 40 or 100, it is not necessary to take the expansion of the glass into account 
if the volqjne of water is obtained by weighing the tube filled with this liquid 
at the same temperature as that at which it is weighed filled with the fat. 

5. Flotation Methods , — Two flotation methods have been used to a certain 
extent. The first consists in the use of a number of glass pellets having 
varying known specific gravities. These are placed in the liquid to be 
examined; those having a lower specific gravity than the liquid will float, 
whilst those having a higher will sink. By observation of the respective values 
it will be possible to obtain a rough idea of the specific gravity of the oil. 

The second method is particularly valuable as by its means it is possible 
to determine with a fair degree of accuracy the specific gravity of a single 
drop of oif provided that the oil is not soluble in alcohol and that it does 
not contain an excessive amount of fjjee acids. To carry out the determination 
a suitable quantity of alcohol (industrial) is placed in a cylindrical tube one 
drop of the oil added and then water drop by drop until the oil just, and 
only just, rises to the surface. The specific gravity of the mixture is then 
determined by some suitable means (the hydrometer or Westphal balance 
will be sufficiently accurate) which gives the specific gravity of the oil. 
Bellmer {Analyst^ 1911, 36. 557) has constructed a table giving the gravity 
of the solution from the amount of water added. 

A few drops of the oil under examination are introduced into 2 c.c. 
of absolute (98 to 99 per cent.) alcohol, and water added little by little from 
a burette until the drops just begin to float. The specific gravity may 
then be found by reference to the following table from the amount of water 
added : 

Table XXXIII. — Specific Gravities by Flotation Method 
, (Bellmer) • 


Vater 

c.c. 

Sp. Gr. 

Lit is^C. 

- . 

Water 

c.c. 

Sp. Gr. 
at 

Water 

c.c. 

Sp. Gr. 
at 13"C. 

Water 

c.c. 

Sp Gr. 
at 15® C. 

O-I 

0*8178 

1*1 

0*9050 

2*1 

0-9376 

3*1 

0*9537 

0-2 

0-8331 

I *2 

0*9091 

2*2 

0*9397 

3*2 

0-9548 

0*3 

0-845^ 

1*3 

0*9133 

2*3 

0*9417 ' 

3-3 

0-9558 

0*4 

0-8563 

1-4 

0*9173 

2-4 

0-9436 

3-4 

0-9568 

0*5 

0*8678 

1-5 

0*9209 

2-5 

0-9453 

3-5 

0-9577 

0*6 

0-8739 

1-6 

0*9243 

2-6 

0 -9469 

3-6 

0-9587 

07 

o*88i2 

1-7 

0*9273 

2-7 

0-9485 

3-7 

0-9595 

0*8 

o*888o 

1-8 

0*9301 

2-8 

0-9499 

3-8 

0*9603 

0*9 

0*8940 

1-9 

0*9327 

, 2-9 

0-9512 

3-9 

0*9610 

i-o 

0-8995 

1 

2-0 

0*9353 

1 M. .. . 

3-0 

0-9525 

4-0 

0*9617 . 
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The Temperature Correction . — It is not always possible to take the specific 
gravity of an oil exactly at 15*^. In order to overcome this difficulty Allen 
determined the coefficient of expansion of a large number of oils between 
the boiling-point of water and various lower temperatures. His figures 
were obtained by means of the Westphal balance without correction for 
the expansion of the glass of the plummet, so that they are not absolutely 
correct — they are, however, sufficiently accurate for small adjustments 
due to varying temperatures. The correction figures for 1° for seventeen 
kinds of fat varied between 0*000615 and 0*000665 with a mean figure of 
0*00064; latter figure may be taken as nearly correct and its use will 
introduce no appreciable error for small differences of temperature. Such 
factors should not be used where the respective temperatures differ by 
more than a few degrees except for rough comparisons (cf. Wright, 
1907,26,513; 191^,35,457). 

The Effect of Free Acids . — Various statements have been made from 
time to time in regard to the effect of free fatty acids on the specific gravity 
of an oil. Allen was of the opinion that the figure was lowered to a slight 

Table XXXIV. —Specific Gravity of Fats at 15° C. 


Oil. 


Sp. Or. 

• 


Rape group . 

Esg 

Bone ^ 

Neat’s- foot . 
Sheep ’s-foot . 
Horse’s- foot . 
Almond 
Arachis 
Olive 
Horse fat 
Hemp seed . 
Soya bean 
Maize 

Cotton seed . 

Sesame 

Palm oils 

Fish oils 

Linseed 

Laurel 

Coconut 

Palm kernel . 

Lard 

Butter fat 

Tallow 

Tung . . 

Nutmeg butter 
Castor oil e- . 
Croton oil 
Cacao butter . 


I 0*913-0*916 
■ 0*913-0*920 

0*916-0*920 

0*920^*925 

o 

0*920-0*935 

I 0-92S-O-93S 
j o- 93 s-o- 9 |o 
] 0-93S-0-9S0 

0*940-0*960 
I 0*950-0*960 
0*950-0*970 
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tyne 1890, 9, 588) and Lewkowitsch contest this statement it 
would appear from general principles and from the work of A. 0 . Ransome 
{JS.CJ,, 1912, 31, 672) that this is really the case. Ransome found that 
in the case of olive oil an increase in the acid value of 10° lowered the specific 
gravity by o-ooS. 

Tk Method Recmmnded—Yot routine work with liquid fats the West- 
phal balance will be found convenient and sufficiently accurate. For more 
accurate work and for use with solid fats at elevated temperatures the Sprengel 
tube has advantages which do not obtain to the bottle— its use is, therefore, 
recommended under these conditions. 
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CHEMICAL TESTS 


Acid and Saponification .Values 

The methods given below are those adopted by the Committee of Analysts 
appointed by the Director of Oils and Fats in November 1918. 

Acid Value, — Definition , — The acid value of a fat or oil is a pleasure of 
the free fatty acids present, and is defined as the number of mgrms. of 
potassium hydroxide required to neutralise the free fatty acids in i grm. of 
the fat or oil — i.e., parts of potassium hydroxide which are required to 
neutralise the free fatty acids in 1000 parts of the fat or oil. 

Chemicals Required.— {a) Alcoholic alkali solution, N/io and N/2 potas- 
sium or sodium hydroxide, accurately standardised. (6) Neutral alcohol, 
94 to 95 per cent, (by volume), containing 0*2 grm. of phenolphthalein per 
litre. This may be conveniently prepared by redistilling industrial methy- 
lated spirits free from mineral oil over sodium hydroxide, adding the phenol- 
phthalein and subsequently neutralising. 

The Test . — The necessary quantity o^the fat or oil is carefully weighed 
into a 250 c.c. flask, and about 50 c.c. of the alcohol are added. The 
mixture is gently boiled, well shaken to thoroughly dissolve out the free fatty 
acids, and titrated while still warm, and with constant agitation, with N/io 
alkali till the pink colour is permanent on shaking for ten seconds. Towards 
the end of the titration the alkali should be added drop by drop in order to 
avoid an excess until the end point is reached. 

As a rule, 5 grms. of the sample will be found a suitable quantity, but in 
the case of refined fats or oils this should be increased to 10 grms. If more 
than 10 c.c. N/io alkali solution are required for the test, it should be repeated 
with N/2 alkali. 

Then, if X=-^ number of c.c. of N/io solution, 

F weight of fat or oil taken, < 

Acid '-’alue=-^ • 

I 

In order to express the acidity in percentages of oleic acid, the following 
formula should be used ; 


Oleic acid per cent. = 


X X2-82 

jT- 


In the case of fats obtained from the kernels of the cocontit group, such 
as coconut oil, palm-kernel oil, tucum, babassu, cohune, etc., the acidity is 
calculated as lauric acid, when the following formula should be used: 


T . Xx2-o 

Laurie acid per cent. = — p — ' 

Acid value =per cent, oleic acid x 1*99 =per cent, lauric acid X2’8o, 
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Saponification Valuir-Definition.-‘Tht saponification value represents 
the amount of potassium hydroxide required to neutralise the free and 
combined acid constituents of a fat or oil, and is expressed in terms of parts 
of potassium hydroxide per 1000 parts of the fat or oil. 

Solutions Required. -\a) N/2 hydrochloric acid accurately standardised. 
[b) An alcoholic solution of potassium hydroxide or sodium hydroxide, 
approximately N/2, prepared by dissolving 18 to 20 grms. of stick potassium 
hydroxide in not more than 10 c.c. of distilled water, and making up 
to 500 c.c. with 94 to 95 per cent, (by volume) alcohol. The solution 
is allowed to stand for twenty-four hours, and the clear liquid siphoned 
off for use. Potassium hydroxide may be replaced by sodium hydroxide, 
but this substitution is not desirable. The alcohol must be free from 
mineral oil and of such a purity as to yield a nearly colourless solution 
after twenty-four hours, (c) An alcoholic solution of phenolphthalein, 
I per cent. 

The Test . — About 2 grms. of the clear filtered fat are accurately weighed 
into a 200 c.c. flask of resistance glass, 25 c.c. of neutral alcohol added, and 
25 c.c. of the alcoholic potassium hydroxide solution, accurately measured, 
run in. A like quantity of the same solution is run, in exactly the same 
way, into a similar flask, tog^her with 25 c.c. of the neutral alcohol. The 
flasks are connected to reflex condensers and heated, preferably in a water- 
bath, so that the alcohol boils briskly for thirty minutes. The flask contain- 
ing the fat should be shaken with a rotary movement from time to time 
during the period. The contents of the flasks are then titrated while hot 
with the n/ 2 acid after the addition of i c.c. of the phenolphthalein 
jolution. 

If F =grms. of fat taken, 

X =--c.c. of acid required in the control experiment, 

Y =c.c. of acid required to neutralise the excess of alkali in the test, 

, X—Y ► 0-02805 y 1000 
then saponification value ^ — P -• 


N.B . — The saponification equivalent 


561,000, 
"S ’ 


this is the number of grms. 


)f fat saponified by 56-1 grms. of KOII or one litre of normal alkali. There 
s jio advantage in the use of this over the saponification value which is retained 
jxclusively in this book. . , 

In order to keep llm oil in solution during the titration, a mixture of 
ilcohol and ether has been recommended, but H. Loebcll (J.S.C.!., 1911, 
;0, 409), states that the titration in such a solution, owing to the slight 
jxtent of dissociation, is incorrect. He recommends a mixture of 2 
)arts of benzene to i part of 96 per cent, alcohol, the titration being 
jompleted with N/io sodium hydroxide after the addition of 50 c.c. 
)f water to the alcoholic solution. Loebell’s method is recommended 
)y Steele aftd Sward {J.S.C.l.y 1922, 41, 260A),' particularly for tung 
)il and for oils having a small acid value. (Cf. H. F. Slack, J.S.C.I.. 
34» I259-) 

Kremann and Muss {J.S.C.I.j 1921, 40, 896 A), as also Kremann and 
Jehopper {J.S.C.L, 1922, 41, 675 A), have usc 4 conductivity methods as 
i means of the determination of the acid value. The results obtained are 
n agreement with those obtained |^y titration, but the method would not 
ippear to have any particular advantages. 
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Pennington and Hepburn {Analyst^ 1910, 35, 248), found that the acid 
value of the crude fat of fowls (without any separation other than mechanical) 
gave an indication as to freshness or otherwise. 

Acid Value and Saponification Value {Combination Method ), — The acid 
value and saponification value may, if so desired, be determined upon the 
same weight of the sample in the following manner : 

About 4 grms. of the clear filtered fat or oil are accurately weighed into 
the saponification flask, and 25 c.c. of hot alcohol containing i c.c. of phenol- 
phthalein solution, and previously neutralised, are added. The free fatty 
acids are titrated from a burette with the alcoholic alkali solution as used for 
the saponification value, warming if necessary during the titration. The 
number of c.c. required by the free fatty acids having been noted, such a 
further quantity of alcoholic alkali as will make a total of 50 c.c. is added, and 
the process continued as described above. 

A blank test is made with 50 c.c. of the alcoholic alkali delivered from 
the identical burette, using similar quantities of all the reagents. The exact 
value of the alcoholic alkali having been determined with N/2 hydro- 
chloric acid, the acid value and saponification value may be respectively 
calculated. 

In carrying out the above processes it is v^ry desirable that the alcohol 
should produce very little colour when boiled with potash in the absence of 
the oil. Industrial methylated spirit may be used if it is first boiled under a 
reflux condenser with 10 per cent, of potassium hydroxide, and then redis- 
tilled. Waller {Analyst, 1(890, 15, 50) suggests that the alcohol is shaken 
with powdered potassium permanganate until it assumes a distinct coloura- 
tion. It is then allowed to stand for some hours until the permanganate 
has been decomposed and hydrated manganese peroxide has settled. A 
pinch of calcium carbonate is then added, and the alcohol distilled from a 
flask, provided with an efficient fractionating column. The distillate is 
tested frequently until 10 c.c., when boiled with i c.c. of a strong (syrupy) 
solution of caustic potash, gives no yellow colouration on standing for twenty 
or thirty minutes. What distils after that is preserved for use; care, how- 
ever, must be taken not to distil to dryness. 

Carter Bell ( 7 . 5 . C./., 1893, 12, 236) uses the following method : 500 c.c. 

of methylated alcohol, of about 85 or 90 per cent., arc placed in a flask of 
about 1000 c.c. capacity, with 25 grms. of stick potash. When the latter 
has dissolved, 250 grms. of melted lard (or of some other s’aponifiable fat) are 
added. The flask is then connected with an inverted condenser and heated 
on the water-bath, so as to saponify the fat. Then the condenser is reversed, 
and about 450 c.c. of alcohol are distilled off. » 

In the case of oils producing very dark coloured solutions MTlhiney 
{J.S.C.L, 1895, 14, 197) suggested the determination of the alkali used 
by means of the amount of ammonia it will liberate froih an ammonium 
salt. In general, howwer, equally good results will be obtained by diluting 
the dark coloured solutions with strong alcohol. Another method is sug- 
gested by R. Pschorr {J.S.C.I., 1921, 40, 593 A), whilst the use of mercuric 
chloride as an indicator is proposed by H. Pomeranz (y.S.C^f.y 1919, 38, 
S88A). 

In place of ethyl alcohol higher alcohols have been suggested, as on 
account of the higher boiling-points of these the time of saponification is 
reduced (this is particularly^ convenient in the case of waxes) and the use 
of a reflux condenser is rendered unnecessary. L. W. Winkler {y.S,C,Ly 
1911, 30, 556) proposes the use of propyl alcohol, and Pardee^ Hasche and 
Reid (Analysiy 1920, 45, 268) normak butyl alcohol. 
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In the table below are given saponification values of the simple tri- 
glycerides. 


Table XXXV.— Saponification Values of Triglycerides 
(Lewkowitsch) 


Triglyceride 

Formula. 

Molecular 

Weight. 

Saponification 

Value. 

Simple triglycerides — 

Acetin 

. C,,I1,(0-C,H30)3 

218 

772-0 

Butyrin . * , . . 

. QH,(0-C,I1,0), 

302 

5S7-3 

Valerin .... 

. C:,II,(OQH,0)3 

344 

489-2 

Caproin .... 

. C3H,,(OCeII„0)3 

386 

436-1 

Caprylin .... 

. 0,^(00311.30)., 

470 

3581 

Caprin .... 

■ 0,93(00.„II„0)3 

554 

3037 

Laurin .... 

. O31 13(0 •0,..H., 0)3 

638 

263-8 

Myristin .• . . . 

. 03H3(00„1L,0)3 

722 

233-1 

Palmitin .... 

. 03H3(Ci:.«H3.0)3 

806 

208-8 

Hydnocarpin . 

. 03H3(0-0,„H„0)3 

794 

21 1-9 

Stearin .... 

. 03113(00, 3H330)„ 

• 890 

189-1 

Olein 

. 03113(0 0,311330), 

884 

190-4 

Linolin .... 

. 03113(00, 3H3,0)3 

878 

I91-7 

Chaulmoogrin 

. 03113(00.3113,0)3 

878 

I9I-7 

Linolenin .... 

. 03H3(0-0, 3113,0)3 

872 

193-0 

Clupanodonin 

. O31 1,(0 O.sH 3,0), 

866 

194*3 

Ricinolein 

• 03113(0 •0.3113303)3 

932 

1 80 -6 

Arachin . . . *. 

. C3H3(0 •033113, .0)3 

974 

172-7 

Erucin .... 

. 03 H 3(0 033 lI„ 0)3 , 

1052 

160-0 

Cerotin .... 

. • 03£l3(O 033ll3.O)3 

1226 

137*3 

Melissin .... 

. 03 H 3 ( 0 - 03 oH 3 , 0)3 

*394 

120-7 

Hydroxystearin .* . 

. 03H3(00, ,11,303)3 

938 

179-4 

Dihydroxystearin 

. 03113(00,, 1103303)3 

, 986 

170-7 

Trihydroxystearin 

O31 1,(0 •0|,H3304)3 

1034, 

162-8 

Sativin .... 

. 03 H 3 ( 0 - 0 „H 3303 ), 

1082 

155*0 

Linusin .... 

. 03H3(0^0.,1I,30,), 

1178 

142-2 


The saponification value of the natural fats lies for the most part between 
180 and 200, the exceptions to this arc»placed in the table below — the values 
for the other fats will be found under th^r respective headings. 



120 


EDIBLE OILS AND FATS 


Table XXXVL— Saponification Values of a Group of Natural Fats 


Oil or Group, 

Sapon. 

Value. 

Oil or Group. 

Sapon. 

Value. 

Stillingia .... 

210 

Paradise nut . 

174 

Henbane .... 

171 

Birch seed .... 

211 

Para- rubber seed 

206 

Oleander .... 

203 

Service berry 

208 

Fish oits .... 

150-21: 

Hawthorn seed . 

173 

Chaulmoogra group . 

207-213 

Spindle-tree 

230 

Nux vomica . 

170 

Rape-oil group . 

170-180 

Inukusu 

241 

Owala 

168 

Macassar . 

222 

Elderberry .... 

209 

Mafura tallow' . 

-220 

Ucuhuba .... 

220 

Ochoco . . . . 1 

239 

® Dika group .... 

235-280 

Coconut group . . 1 

240-260 

Butter 

220-235 

Japan -wax . . . . ' 

217-238 

Myrtle-w^ax .... 

209 

Attaba 

256*6 

2 Areca nut .... 

227-234 

® Elin-tree .... 

277 

® Virola guatemalensis 

244 

j ® Acrocomia cilcrocarpa 

' 254 

’ Myrislica platyspcrma . 

240 

i 1 Akebi seed 

247 

’ Coyal palm .... 

246 1 

\ ® Aburachan seed 

274 

* Curua palm .... 

200 i 

S ® Lindera obstiroba 

r 

264 


1 y.S.CJ,, 1916, 35^ 1091. 

3 y.S.C.I., i(>t6, 35, 1092. 

® Ana / ysf , 1910, 35, 536. 

’ y.S,CJ.y 1915, 34, 499, 1061. 
Analyst ^ 1912, 37, 2oi. 


- Analyst, 1909, 34, 64. 

^ Analyst, 1921, 46, 50. 

« Ajialyst, 1914, 39, 134. 

® y.S,C.L, 1921, 40, 856A, 


Determination of Unsaponifiable Matter 

The term “ unsaponifiable matter ” as used in the examination of fats 
refers to those substances which are not hydrolysed by caustic alkali, are 
soluble in ether and insoluble in water. As a gene«al rule the amount 
of such substances occurring in natural fats is small, the usual quantities 
being of the order of i per fcnt. In the case of vegetable and terrestrial 
animal oils the unsaponifiable matter consists largely of higher monohydric 
alcohols (cf. sterols, page 40) wdiich have characteristic properties. Various 
other substances including resins, colouring matter and hydrocarbons are 
present in varying small amounts. In certain cases, such as some fish oils, 
the amount of hydrocarbons may become considerable. 

The nature of the alcohols present may lead to valuable methods of 
identifying an oil. The matter has been discussed at some length by Mar- 
cusson and Meyerheim (y.S.C.L, 1914, 33, 491), the following is an abstract 
of the paper : 

“ Various natural fats, including tallow, whale oil, and vegetable oils, 
contained from 0-03 to 0*38 of cholesterol or phytosterol (determined by 
the digitonin method), (he highest proportion being found in linseed oil 
and the lowest in tallow. The phytosterol constituted from 33 to 55 per cent, 
of the unsaponifiable matter of the vegetable oils, and the cholesterol from 

• ►ue to varying proportion of unsaponifiable matter. 
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8 to X4 per cent, of the unsaponifiable matter of the animal fats. The other 
constituents consisted in the main of dextrorotatory alcohols which neutral- 
ised, wholly or in part, the optical laevorotation of the cholesterol or phy- 
tosterol. For example, the sesamin in sesam6 oil caused the unsaponifiable 
matter to have [a]„== -1-52°, This characteristic may be used as a test for 
sesam^ oil in cases where the colour reactions give negative results through 
previous treatment of the oil. The unsaponifiable matter, after removal of 
the cholesterol or phytosterol as digitonides, was a thick oily substance, 
containing dextrorotatory alcohols, with the exception of that from tallow 
which contained laevorotalory alcohols. Only in the case of dark marine 
animal oils (Tranen) were there more than traces of hydrocarbons. The un- 
saponifiable matter of sesame oil freed from cholesterol showed [a],, ™ 

The iodine value of the unprecipitated unsaponifiable matter of the fats 
examined raliged from 56 to 78, or about the same as that of the cholesterol 
or phytosterol (68). Small quantities of hydrocarbons may be detected by 
this test. As a rule hydrogenated fats contained less cholesterol or phy- 
tosterol than the original fats, the proportion decreasing with the degree 
of hardening. The other constituents of the unsaponifiable matter were 
yellow and semi-solid. From ‘ talgol ’ and ‘ candelite ’ a saturated alcohol 
was extracted with petroleum /;pirit. It melted at 59-3° to 59*8'’ and had 
the refraction at 100” of octodec}! alcohol (1-4268). On hydrogenation 
cholesterol was resinified to tlie extent of about 75 per cent, at 200'’', whilst 
phytosterol •was not appreciably allected. At 250'' cholesterol no longer 
yielded crystalline derivatives, thqij^h these could still be obtained from 
phytostciol. This explains why cholesterol cannot be precipitated with 
digitonin from ^ talgol,’ and similar products from animal fats.” 

The Determination . — The actual dctcrminaticin may be carried out by 
evaporating the alcohol from the solution of the fat which has been used 
for the saponification value, dissolving the soap in water and extracting 
the resulting soap several times with ether. The mixed ethereal solutions 
are washed with a little water to remove dissolved soap and then evaporated 
to dryness and the residue weighed. 

This process, so simple in outline, is yet so difficult in practice on account 
of the very troublesome emulsions which arc produced on the slightest 
provocation. For this reason many modifications and improvements have 
been suggested, some of which arc given below. 

Revis and Boltoi^s Method . — Five grms. of the fat are weighed into a 
large porcelain basin and heated with sufficient strong aqueous solution of 
caustic soda to introduce 2 grms. of NaOH and 100 c.c. of strong (95 per 
cent.) alcohol, the dish being covered with an inverted funnel. The dish is 
heated on a boiling water-bath with occasional stirring for thirty minutes, 
after which the contents arc evaporated to a pasty condition, when a tea- 
spoonful of sand aiTd 2 to 3 grms. of sodium bicarbonate are added, and the 
whole carefully mixed and carried to dryness. The contents of the dish 
are then well ground, thoroughly dried, and carefully transferred to a flow- 
through extractor, and extracted for two or three hours with petroleum 
ether. The contents of the extractor arc dried, removeef to a mortar, again 
thoroughly ground, dried in the water-bath and extracted as before for 
another hour. The contents of the flask are then evaporated, dried and 
weighed as unsaponifiable matter. 

Wilkie's Method. — J. M. Wilkie (Analyst^ I9i7r 42, 200) has modified 
the wet extraction method in the following way; troublesome emulsions 
are largely avoided by using such a rati^ of the volumes of alcohol and ether : 

Weigh 5 grms. of the oil into a flask, ladd 12-5 c.c. 2N alcoholic potash,, 
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heat for about one hour and a half, transfer to a separator with 50 c.c. of 
water, extract with 40, 30, 30 c.c. ether, unite the ether extracts in a separator 
containing about 20 c.c. of water. Without shaking, run off completely 
the wash water, and wash the ethereal solution by shaking vigorously with 
2, 5 and 30 c.c. water; evaporate and weigh the residue. 

In the ordinary way separation is as rapid as when ether and water are 
shaken together, though in cold weather it may be more sluggish; but, if 
the soap solution after drawing off from the first and second extractions is 
heated on the water- bath until the dissolved ether obviously commences to 
distil, no trouble is experienced. In very warm weather it is sometimes 
an advantage to allow the separation to take place under reduced pressure 
by placing in running water for a few minutes. 

In the case of waxes Wilkie uses a somewhat different metl^pd which is 
as follows: 

Saponify 0*5 grm. of the beeswax (truly representative of the bulk) and 
4'5 grms. of castor oil with 12-5 c.c. 2N alcoholic potash for one hour, 
complete precisely as the ether method (already described), but use 40 c.c, 
water at 30^^ instead of 50 c.c. cold water, and extract with 50, 40, 40, 30 c.c. 
ether. Wash with 2, 5, 30 c.c. water, evaporate and weigh. Apply a 
correction for the known unsaponifiable content of the castor oil. Other 
solid waxes and lanolin (wool wax) may be treated precisely as beeswax. 

In Wilkie’s paper he giv^es a number of determinations of unsaponifiable 
matter which he made ; these arc reproduced in the following table : 

• - 

Table XXXVII. — Unsaponifiable M.atter in Oils and Fats (Wilkie) 


]*crcciitjp;e of Un- Number of 
saponifiable Matter, Samples. 


Castor oil .... 

10*4 to 0*7 

3 

Cod-liver oil, medicinal. 

0-8 „ 1-4 

100 

Lard 

0-2 „ 0-4 

3 

Linseed oil . 

T'O „ 1*5 

13 

Neat’s-foot oil . 

0‘S »> 

23 

Olive oil 

07 » i'5 

62 

Palm oil 


. I 

Poppy -seed oil . 

0*4 to 0*6 

3 

Rape (Colza) oil 

0-8 „ 1-4 

32 

Whale oil . . . 

0-8 „ 1-4^ 

12 

Waxes — 

Sperm oil .... 

34-3 to 43-6 

• 22 

Spermaceti .... 

51-0 „ 52-5 

2 

Beeswax, yellow 

52-3 .. 55-5 

10 

,, white . 

50-0 „ 54*4 

13 

Lanolin (wool wax) . 

41-0 „ 51-8 

*9 


J. B. Rather {Analyst, 1915, 40, 159), acidifies the saponified 
solution and extracts fatty acids and unsaponifiable matter, together with 
ether. The ethereal solution is extracted several times with a solution of 
sodium hydroxide, and finally the etfiereal solution is evaporated and the 
unsaponifiable matter weighed. B. Twitchell {JS.C.L, 1915, 34, 433), 
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treats the unsaponifiable matter as extracted with alcohol and titrates the 
alcoholic solution with standard acid. The acids so found are calculated 
as oleic acid and subtracted from the gross weight to give the true weight of 
unsaponifiable matter. Where the soap solutions themselves are extracted 
Lewkowitsch recommends that the unsaponifiable matter be ignited, the 
ash treated with water, filtered and the filtrate titrated with decinormal 
acid. The alkali found is calculated to soap and this figure deducted from 
the gross weight of the unsaponifiable matter. A modified method for the 
determination of unsaponifiable matter is made by W. Fahrion (J.S.C./., 
1920, 39, 697A). 

Kerr and Sorber (J.S.C.L^ 1925, 44, B16), use the following method: 

Five grms. of fat in 15 c.c. of boiling 95 per cent, alcohol are saponified 
by adding another 15 c.c. of boiling alcohol containing 3 c.c. of potassium 
hydroxide solution (100 g. in 100 c.c. of water), and boiling the mixture for 
a few minutes. The solution is then cooled, mixed with 50 c.c. of ether, 
transferred to a separating funnel, and the flask w^ashed with two 50 c.c. 
portions of ether. After adding 150 c.c. of distilled water and rotating the 
rjj^xture in the funnel, the soap solution is drawn off, the ether solution washed 
with w^ater until free from alkali, transferred to a weighed vessel, the ether 
evaporated, and the residue dried and weighed. 

The Sterol and Sterol Acetate Tests 

On account of the fact that the sterols contained in animal and vegetable 
oils are not identical, and also that Id general animal oils contain only choles- 
terol whilst vegetable fats contain chiefly sitosterol, the examination of the 
sterol of a given fat is a valuable aid to a decisic^n as to wdiether it contains 
animal or vegetable fats only, or a mixture of the two. Many writers have 
described the sterol acetate test as final and conclusive, but the w^ork of 
Steuart {Analyst, 1923, 48, 158), which has already been mentioned several 
times, throw.s a certain amount of doubt on the subject, in fact, Steuart says 
that, although ‘‘ an examination of the sterol prepared from a sample of the 
fat will show definitely wdiethcr the fat is of purely animal origin or whether 
vegetable fat is present ” yet “ the sterol acetates prepared from some 
vegetable oils contain fractions of lower melting-point which makes it 
impossible to detect the presence of animal fats in mixtures containing such 
vegetable fats by an» examination of the sterol acetates ” In spile of this, 
how;ever, the test must still be looked upon as valuable, even on its weaker 
side, but it must always be interpreted in the [ight of Steuart’s criticisms. 

Preparation of the Unsaponifiable Matter , — The first operation in the 
investigation of the sterols is the extraction of the unsaponifiable matter 
which may be done on quantitative lines by the method given on page 12 1, 
using 50 or 100 grms. of the oil. I'he extracted material is dissolved in 
ether and the solution poured into a small glass or porcelain dish suitable 
for crystallisation. The ethereal solution is allowed to evaporate, the residue 
is dried on the water-bath, cooled, dissolved in the smallest possible quantity 
of absolute alc<rfiol and allowed to crystallise. 

The form of the crystals so obtained, as seen by microscopic examination, 
will give some idea as to their composition as cholesterol appears as plates 
rhombic in form, whilst phytosterols give needles in star-shaped groups. 
Diagrammatic representations of these cr3^stals vre given in the figure. 
Mixtures of the two kinds of crystals may show the tw^o forms side by side, 
but in other cases the results given with mixtures are inconclusive. 

In cases where crystallisation is difiicplt or where the presence of colour- 
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ing matter masks the appearance of the crystals, the solution may be cleared 
by means of animal charcoal in the usual way. Cholesterol has M.Pt. 
about 148°, whilst phytosterol melts as a rule at temperatures considerably 
lower than this. Neither the melting-point nor the microscopic appearance, 
however, is of any great weight as compared with the phytosteryl acetate 
test, which is the only one which is used now to any serious extent. 

The Phytosteryl Acetate Test , — The phytosteryl acetate test was first 
introduced by Bomer, who gave the matter lengthy consideration, and whose 
conclusions have been verified by various workers. The original method 
has, however, been modified in various ways, cfiiefly with a view to economy 
in material. 

In the original process Bonier saponified 100 grms. of fat, diluted the 
soap solution with water and extracted with 500, 250 and 250 c.c. of ether. 
To obviated the use of so much ether. Von Raumer evaporafed the soap 
solution to dryness, powdered the residue, and extracted with ether in a 
Soxhlct apparatus. Kreis and Wolff, on account of the difficulty of completely 
drying the soap, proposed a method based on the extraction of the calcium 
salts of the fatty acids with alcohol and subsequent extraction with ether, but 
later this method was found lo be unreliable, and Kreis and Rudin devised the 
following method : 50 grms. of tlie fat are sqponified with 125 c.c. of 95 per 
cent, alcohol and 25 c.c. of 40 per cent, sodium hydroxide solution, the alcohol 
evaporated, and tlic soap dissolved in 50 c.c. of boiling water and precipitated 
with 100 to 200 c.c. of a 10 per cent, solution of calcium chloilde. When 
cold, the liquid is filtered through a cottem cloth and the calcium soap dried 
between filler-paper, finely pow'derod, and allowed lo stand in contact with 
100 c.c. of a mixture of equal parts of alcohol and ether for one hour with 
frequent agitation. It is tken washed on a filter with 100 c.c. of a mixture 
of equal parts of alcoliol and ether and tlie filtrate and washings, after evapora- 
tion of the ether, mixed with 3 c.c. of a 40 per cent, solution of sodium 
hydroxide and evaporated to dryness. The residue is mixed with about 
20 grms. of quartz sand and dried on the water-bath and subsequently, for 
one hour, in the hot water-oven, h'inally it is extracted with ether in a 
Soxblet apparatus, the etliereal extract evaporated, and the residue recrystal- 
lised from alcohol. 

In many cases, however, the use of somewhat large quantities of solvent 
will not be considered a serious deterrent, as they may be recovered — simple 
extraction of the soap solution with ether may then be* used. The residue 
from the first ethereal extractions usually contains traces of unsaponified 
fat, which is reintned by a second saponification with a small quantity of 
alcoholic alkali, when the solution is diluted witU water and extracted with 
ether. I'he mixed ethereal extracts are washed two or three times with 
water, filtered into a fla.sk and the sohent evaporated. 

The residue is treated with 2-3 c.c. of acetic anhydridS (when the residue 
has been crystallised for microscopic examination the crystals are returned to 
the mother liquor, whicli is then evajiorated to dryness) in a small dish 
covered with a watch glass on the w’ater-bath until the solution boils, after 
the boiling has continued for a few minutes the acetic anhydride is evaporated 
off on the water-bath, llic residue is dissolved in boiling absolute alcohol 
(10 c.c. of alcoliol for each o*i grm. of unsaponifiable matter), a little extra 
alcohol added to prevent immediate crystallisation and the clear solution 
(filtered if necessary) allc^ved to stand at the ordinary temperature. When 
about half the liquid has evaporated the crystals are filtered through a small 
filter-paper, washed with tw^o portion^ of 2 c.c. of cold alcohol, returned to 
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the crystallising dish and again crystallised from lo c.c. of absolute alcohol, 
this process of crystallisation being continued as many times as the material 
will allow. 

The melting-point of the crystals is determined after each crystallisation, 
beginning with the third. Bomer considers that the presence of a vegetable 
oil is proved if the temperature of complete fusion is 117° (corr.) or 
higher. 

This process has been examined by various workers who have suggested 
modifications. These have been reviewed at some length by Hepburn 
(J.5.C./., 1913, 32, 989), but since the introduction of the digitonin method 
(q.v.) the older methods have to a certain extent gone out of use. Cf. 

1909, 28, 1100; 1901, 20, 1147; 1902, 21, 643; 1912, 31, 239, 

826. 

The addition of small quantities of paraffin wax has been attempted in 
order to make the phytosteryl acetate test worthless or unreliable. Much 
work has been done on this subject by Polenske, whose results have been 
confirmed by Lewkowitsch. I'he presence of paraffin lowers the melting- 
point of the crystals, which may fall considerably below 100°. 

The removal of the paraffin wax from the crude unsaponifiable matter 
is carried out, according to Polenske, by treating the unsaponifiable matter 
from 100 grms. of fat with i c*.c. of petroleum ether (boiling below 50*^) for 
twenty minutes at i5°-i6'\ transferring the mass to a small funnel closed with 
cotton-wooi, and washing with five successive portions each of 0*5 c.c. of 
petroleum ether. Lewkowitsch adds that the drawback of this method is 
that a certain amount of the alc(di%Is is washed away with the petroleum 
ether, but it offers the countervailing advantage that more cholesterol is 
removed than phytosterol, so that the indication^ of the phytosteryl acetate 
test become more distinct, the proportion of phytosterol (if present) to 
cholesterol being increased. 

Polenske determines the proportion of paraffin wax by treating the 
unsaponifiable matter from 100 grms. of fat with 5 c.c. of cone, sulphuric 
acid at 104° for one hour, when the alcohols are destroyed and the paraffin 
remains behind and may be extracted with petroleum ether and weighed. 
The same process may be used with the petroleum ether extract of the original 
unsaponifiable matter. Paraffin wax in quantities greater than mere traces 
will show up after boiling with acetic anhydride, when it will float as a 
globule (of large or^ small size depending on the amount present) on the 
surface of the liquid. 

The Digitonin Method , — A reaction common to all sterols is the precipitate 
given by an alcoholic solution with an alcoholfc solution of digitonin. The 
preparation of digitonin ^las been described by Panzer {Chem. Zentral.y 
1912 (ii), 540). It can be obtained commercially, but the price is high and 
supplies are not always to be obtained. For this reason the method is, as 
yet, by no means universally used. The reaction was apparently first used 
by Windhaus {Analyst^ 1910, 35 » ^S^)y the determination of sterols in 
biological products. The cholesterol and digitonin combine together to 
form a precipitate of digitonin cholesteride C5iiH«402«*C27H4«0, which is 
said to be a simple molecular compound of the two substances. The com- 
pound is insoluble in water, acetone and ether, and nearly insoluble in 
95 per cent, alcohol (the solubility is 0*014 at 18°). The compound is formed 
by free cholesterol only, and not by its esters. 

A certain amount of controversy has arisen ovci the necessity of saponi- 
fying the oil before the addition of the digitonin. Thus Marcusson and 
Schilling {Analyst^ I9i3> 381 458), r&ommended merely shaking a dilute 
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alcoholic solution of digitonin with the oil, and state that saponification is 
not necessary, and the same method is adopted by Fritzsc^ {Analyst^ 1914, 
39, 84). Klostermann, however {Analyst^ 1914, 39, 3^, 310; 

1913, 32, 1 1 18), states that the method of Marcusson and Schilling is not 
universally applicable because, as has been stated above, digitonin precipi- 
tates only the free sterols and not their esters. Klostermann recommends 
that 100 grms. of the fat be saponified with alcoholic alkali, the soap solution 
diluted with water, the fatty acids liberated by means of hydrochloric acid 
and dissolved in 250 c.c. of ether. The ethereal solution of the fatty acid is 
separated, washed with water, and shaken with 250 c.c. of petroleum spirit 
and 25 grms. of sodium chloride, and filtered through cotton-wool. The 
filtrate is warmed and treated with a solution of 1 grm. of digitonin in 
20 c.c. of 90 per cent, alcohol, and the crystalline precipitate separated 
after fifteen minutes and washed with ether until free from fat. The pre- 
cipitate is dried with filter-paper and acetylated with 20-30 c.c. of acetic 
anhydride. The excess of acetic anhydride is evaporated, the residue 
dissolved in 50 c.c. of absolute alcohol, and the solution treated drop by 
drop with water until crystals begin to separate. The amount of water 
added is then increased to 25 c.c., the crystals filtered on cotton-wool, 
washed with 70 per cent, alcohol, and dissolved in ether. The solution is 
evaporated to dryness and the acetates are recrystallised from alcohol in the 
usual way. In a later paper, however {Analyst, 1914, 39, 310), Klostermann 
states that saponification is not necessary in the case of animal fits as these 
are free from sterol esters, but that in the case of animal oils and vegetable 
oils most of the sterols occur in the •^orm of esters, and that, therefore, 
saponification is necessary in their case (cf. Berg and Angerhausen, y.*S.C./., 
1914, 33, 1063). 

Pfcller {Analyst, 1916, 41, 317) suggests that the digitonin solution 
be added directly to the fatty acids and the hot mixture poured on to a filter 
which is placed in the wiiter-oven until the fatty <icids have passed through. 
Chloroform should not be added, as its presence retards the rate of filtration 
by destroying the granular state of the precipitate. The precipitate and 
filter are then washed with hot chloroform, next with ether, and the filter 
dried. The precipitate can then be removed from the filter and treated in 
the usual way. Lifschutz {J.C.S., 1918, 1 14, ii, 179) gives a modified method 
for recovery of the sterol from its digitonin compound which includes a 
method for recovery of the digitonin. “ About 0-5 grm. of the anhydrous 
complex is weighed out and boiled with 5 c.c. of acetic anhydride for twenty 
to thirty minutes under a reflux condenser. The hot liquid is poured*‘into 
about 80 c.c. of water. Afttr the product of the reaction has solidified, 
it is collected, washed, and dried in a vacuum. Ic is now removed as com- 
pletely as possible from the filter-paper, transferred to a small flask, dissolved 
in 10 c.c. of 90 per cent, alcohol, and mixed with 10 c.c. of,i per cent, aqueous 
sodium hydroxide. The resulting emulsion is boiled for two and a half to 
three minutes, cooled, diluted with water, acidified, and extracted with ether. 
The cholcsteryl acetate dissolves in ether, whilst the digitonin remains in the 
dilute alcohol. After evaporation of the ether, the choles^teryl acetate is 
hydrolysed with alcoholic potassium hydroxide, and the free cholesterol or 
similar compound extracted by ether, weighed, and subsequently identified 
in the usual way.” 

Olig {Analyst, 1916, ^.i, 317) considers that, as a general rule, saponifica- 
tion is not necessary and tnat it is only when an inconclusive result is obtained, 
which, he states, is seldom, that it is necessary to saponify the fat and make 
the precipitation from the fatty abids. Various other papers giving 
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similar or diverse conclusions will be found under the following 


references ; 

Kerr 

Barthel and Sonden. 

Kiihn and Werwerinke 
Kiihn, Bengen and Werwerinke. 
Klostermann and Opitz. 
Dubosg. 

Muttelet. 

Gardner and Williams. 


J.S.C.I., 1913, 32, 917. 
Analyst, 1914, 39, 254. 
y.S.C.I., 1915, 34, 669. 
y,s,c.Ly 1916, 35, 126. 
y,s.cj., 1916, 35, 1070. 
y,s,cj,, 1917, 36, 464. 
y.s.c. 1 ., 1922, 41, 65A, 191A. 

Analyst y 1921, 46, 508. 


Steuart (Analyst, 1923, 48, 155) in his work on the sterols of edible fats 
used the following process : “ The unsaponifiable matter from 50 grms. 

of fat was warmed with 50 c.c. of 95 per cent, alcohol and mixed with 50 c.c. 
of hot 90 per cent, alcohol containing 0-5 to i grm. of digitonin. After 
standing overnight the precipitate of digitonin steride was filtered off, washed 
on the filter-paper with 95 per cent, alcohol and with ether and weighed 
after drying at no'' C. Per cent, of sterol -- (Wt. ho-oi4) x 0-243 x 2. 
The steride was then transferred to a small beaker and about i c.c. of acetic 
anhydride added per o.i grm. of steride, the beaker covered with a watch 
glass, and the liquid boiled until the steride had dissolved. On cooling, 
nearly all the sterol acetate crystallised out (Olig, Zeitsch. Nahr. Genussm, 
1914, 28, iliq). This was filtered off and the crystals dried with the aid of 
suction, dissolved through the filter-paper with ether and, after the ether 
had evaporated, dissolved in absolute alcohol. As the crystals of acetate 
separated out they were filtered off, and another or several crops thus taken 
from the alcohol. The wet crystals, thrown on a porous plate, were kept over- 
night at 37° C. before the melting-points were determined. In some cases 
on boiling the acetic anhydride mother liquid down to half the previous 
volume and cooling, another crop of crystals was obtained. This was worked 
up as before and the melting-point taken (cf. y.O.A.C., 1915, I, 513). 

It has been found that hydrogenation of an oil reduces considerably 
the amount of sterol present. Marcusson and Mcycrheim (y.S.C.I., 1916, 
35, 549) found the amount of sterol to be reduced from 0-13 to 0-02 by 
hydrogenation of marine animal oil. 

The Process Recommended . — It cannot be said that a really final method 
for dealing with the gterols of fats on which an exact interpretation can be 
founded has yet been evolved; further work is urgently needed. In the 
present state of our knowledge probably the m(j|,‘?t convenient and satisfactory 
method is the use of digitpnin on the fatty acids along the lines suggested 
by Klostermann, whose process is given in full on page 126. 

In those cases where digitonin cannot be obtained or where the expensive 
nature of the compound makes its use prohibitive, the phytosteryl acetate 
test, carried out on the unsaponifiable matter extracted in the usual way, 
will be found fairly reliable even if somewhat laborious (cf. y.S.C.L, 1924, 
43, B964; Analyst, 1924, 49, 537, 543). 

Separation ofithe Sterols . — Windaus (Analyst, r9o6, 31^ 411) has suggested 
a method for the separation of cholesterol from phytosterol by a process 
which depends upon the insolubility of cholesterol di bromide in a mixture 
of glacial acetic acid and ether — phytosterol dibromide being much more 
readily soluble. The bromine is added as a 5 per^'ent. solution in glacial 
acetic acid. The dibromides, it is stated, can be leadily reconverted into 
the original alcohols by treatment with, zinc dust, sodium amalgam or other 
similar reducing agent. Holde states thjit the method is unreliable where . 

• I 
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only small quantities of cholesterol are present, but Lewkowitsch states 
that it is quite suitable when the amount of animal fat amounts to 20 per cent, 
of the mixture. When smaller amounts of animal fat are present Lewko- 
witsch suggests a preliminary partial separation by means of petroleum ether, 
in which cholesterol is much more soluble than phytosterol. For the 
hydrolysis of cholesterol dibromide see Lifschiitz, 1919, 38, 922A. 

The method of Windaus is carried out by Bolton and Revis (Fatty Foods^ 
page 50) in the following way : 

“ The sample is treated as usual, preferably in lots of 200 grm., 
and the alcoholic extracts united. The final dry mixture of soaps, 
sand and unsaponifiable matter is extracted most simply by heating 
it in a flask under a reflux condenser with sufficient petroleum ether 
to rather more than cover the solid matter. After boiling gently for 
one hour the ether is filtered off and the solid matter dried and re- 
ground and boiled twice more with petroleum ether. The combined 
ethereal extracts are then distilled to obtain the unsaponifiable matter. 
This is carefully shaken with a very small quantity of petroleum ether, 
increasing the amount until about one-quarter of the total remains 
undissolved (cholesterol is more soluble than phytosterol). The ether 
solution is filtered and distilled off, and the residue is treated by the 
method of Windaus (Chem. Zeit.^ 1906, xxx, p. loii). To each gramme 
of the residue are added 10 c.c. of dry methylated ether Aid solution 
effected. To the solution are added 10 c.c. of a solution of 5 grm. 
of bromine (dry) in 100 c.c. of glacial acetic acid and the mixture cooled 
in ice for an hour. If only small quantities of cholesterol are present 
the dibromide will not separate, in w^hich case 50 per cent, acetic acid 
is added until a permanent turbidity appears. A further 2 to 3 c.c. of 
the 50 per cent, acetic acid are then added, and after a short time the 
precipitate filtered off on a very small hard filter and washed with a few 
drops of the 50 per cent, acetic acid. The filter-paper and contents 
are dropped into a small flask, 5 c.c. of glacial acetic acid and about 
0-25 to 0*5 grrn, of zinc dust added, and the whole boiled under a reflux 
condenser for two hours. The contents of the flask are then washed 
into a small separator with 20 c.c. of water and finally with 10-20 c.c. 
of methylated ether and the whole shaken. The aqueous layer is run 
off and the ether washed three times with a little, w^ater and filtered (if 
necessary) into a test-tube and the ether boiled off. The residue is dried 
in the water-oven and Wien washed out with a very small quantity of 
absolute alcohol into a small evaporating ba^sin and evaporated to dry- 
ness. The residue is covered with 1-2 c.c. of acetic anhydride, and the 
basin closed with a clock glass and heated on a water-bath for thirty 
minutes. The acetic anhydride is then distilled off, and the residue, 
if much coloured, washed with absolute alcohol into a test-tube and boiled 
with a little recently ignited powdered animal charcoal. The mixture 
is filtered (washing the charcoal with a little absolute alcohol) into a 
small beaker, evaporated to dryness and recrystallised from the least 
possible quantity of 95 per cent, alcohol ; the crystals are separated, re- 
crystallised from 95 per cent, alcohol, and the melting-point taken, 
and further crystallisations carried out if possible. The crystals, if 
cholesteryl acetate-;r should melt below 116° C. I'^wenty per cent, of 
cholesterol in the presence of phytosterol can be found by this means, 
and probably 10 per cent, may be found with care when a large quantity 
of material is employed to start with.*’ 
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The Insoluble Bromide Value 

When oils containing glycerides of unsaturated fatty acids are treated 
with bromine in ethereal solution, bromine is absorbed, and the bromine 
addition compounds of the unsaturated acids are produced. It is obvious 
that oleic acid will produce dibromides, whilst the more highly unsaturated 
acids may produce tetiabromides, hexabromides and, in the case of the 
highly unsaturated acids of fish oils, octobromides. In general the dibromides 
and the tetrabromides are ipoderately soluble in ether, whilst the hexa- 
bromides and octobromides are almost insoluble in this solvent as, indeed, 
they are in most organic solvents, particularly in the cold. When carried out 
on the mixed fatty acids of an oil, the only insoluble compound which will 
be formed (ip the absence of fish oils) will be linolenic hexabromide, or its 
isomerides, so that the weight of precipitate obtained would be a measure 
of the linolenic acid present, but when the original oil is brominated the 
insoluble compounds produced are probably from mixed glycerides. Thus 
Toms {Analyst y 1924, 49, 77) has ded\iced evidence of the preparation in 
this way from linseed oil of linolic dilinolenic bromo-glyceride CgTHgiOoBrie. 

It was early considered that this reaction might be of value in the 
examination of oils, and in 1898 Hehner and Mitchell {Analyst^ 1898, 23* 
310), continuing the investigations made by llazura some ten years earlier 
suggested tlje following process, using the oil and not the fatty acids : 

Hehner and MitcheWs JProcm.— Prom i to 2 grms. of the glycerides are 
dissolved in 40 c.c. of ether, to which a few c.c. of glacial acetic acid are 
added, the precipitate forming being more granular from such a mixture 
than when ether alone is employed. The solution is cooled in an ice-chest 
and bromine added, the flask being preferably left all night in the ice. 
This, however, is not essential for ordinary working. The liquid is filtered 
off by the suction funnel attached to a pump, the flask washed out with four 
successive portions of 10 c.c. of ether at 0° C., and the residue dried in the 
flask to constant weight. But even when ether at ordinary temperature is 
used no considerable error is introduced. 

Sprinkmeyer and Dicdrichs {Analysis 1912, 37, 403) give the following 
results for various oils found by using this method. Linseed oil, 28*9; 
candlenut oil, 8-8; hempseed oil, 8-82; walnut oil, 2*22; soya-bean oil, 
3*62; sesame oil, 0*14; mustard oil, i -30; rape oil, i *92 per cent. Poppy- 
seed oil, sunflower-s^d oil, maize oil, cotton-seed oil, castor oil, tea oil, 
earthnut oil, coconut oil, palm oil, palm-kernel oil, cacao butter, stillingia 
tallow, tulucana fat, dika fat, and malukang butter, did not yield an insoluble 
bromine compound. In tke case of shea butter, different specimens of the 
fat yielded from 5*2 to 8-6 per cent, of bromine compound, whilst mowrah 
butter gave 0*82 per cent., enkabang tallow, 0*17 per cent, and adjab fat 
2-2 per cent. As regards the four last-mentioned fats, the bromine com- 
pound appears to be formed from the unsaponifiable matters present, the 
fatty acids derived from the fats yielding no bromine compound after they 
have been freed from unsaponifiable matter. 

Lewkowitsch* worked at a temperature of 5°, used a fluted filter, and 
operated on the fatty acids rather than on the oil itself. Procter {J.S.C.I., 
1906, 25, 798) used carbon tetrachloride as the solvent, worked on the oil 
itself and precipitated the bromides by the additjpn of absolute alcohol. 
Bull and Johannesen {Analyst^ 1909, 34, no) prefe 'to use the fatty acids. 
They stated that they had had trouble during the filtration as proposed by 
Hehner and Mitchell, and to avoid thisfthey cool to for the precipitation 
and filter through a Soxhlet filter tube afPer standing for three hours at the 
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ordinary temperature; they state that duplicate determinations usually 
agreed within 0-5 per cent. Ingle {J.S.C.L, 191T, 30* 344) worked on the oil 
at ordinary temperatures and found results considerably higher than those 
of Hehner and Mitchell. 

Marcusson and Huber (Seifensieder, Zeit,^ 1911, 38, 249) suggest a 
modification, a negative result in which Stiepel {Analyst^ I 9 i 3 » 38* 3S) 
considers to be inconclusive evidence of the absence of marine animal oils. 

Eibner and Muggenthaler {Analyst, 1913, 38, 158) state that “ the utility 
of the test depends upon the determination of the linolenic acid, the con- 
stituent of most importance in the drying process, which acid gives a hexa- 
bromide insoluble in cold ether, whilst the simultaneously formed tetra- 
bromide of isolinolcnic acid is dissolved.** These workers have devised an 
elaborate test, based on a long series of experiments, in which the solutions 
are cooled to —10°, and work on the fatty acids. Their method does not 
appear to give such improved results as to make worth while the use of such 
an inconvenient temperature as —lo^^ 

Sutcliffe {Afialyst, 1914, 39, 28, 388) reinvestigated the process and was 
able to suggest a rapid method of working which was convenient for general 
laboratory use and which is probably the best method (taking all things into 
consideration) so far suggested. It is described in detail below' on page 13 1. 
Gemmell {ibid., 1914, 39, 297), in a lengthy paper considers it far better to 
work on the fatty acids, but the results obtained do not appear to w^arrant 
the additional trouble involved (cf. Revis and Bolton, Analyst, 19^5, 40, 502). 

Steele and Washburn {Analyst, 192^,* 45, 101) operate on the fatty acids 
and use chloroform containing 3 per cent, of alcohol as the solvent, cool to 
— 5'^, evaporate the solvent under diminished pressure and wash the residue 
with ether saturated with licxabromide at o ’. The washings arc carried out 
in a centrifuge lube in which the washed bromides arc weighed after drying 
at 6 o^“7o“. Concordant results arc reported, but these do not support the 
statement of the authors that “ the hexabrornidc yield obtained in this w'ay 
is a more constant value than is the iodine value of linseed oil,’* because 
eight linseed oils having iodine values of 181-185 (a divergence of 2*2 per 
cent.) gave yields of hexabroinide w'hich ranged from 45 -6 -46*9 (a diver- 
gence of 2*8 per cent.). WoliF {J.S.CJ., 1920, 39, 41 7A) combines the 
determination of the insoluble bromide value with that of the unsaponifiable 
matter. This method is a contritugal one, using ether at temperatures 
below as the solvent, and is preferred by Wollf'^o that of Steele and 
Washburn, because the yields are somewhat higher and give better differen- 
tiation between oils of different iodine value. A similar process has been 
suggested by Bailey and Baldsiefen {Analyst, 1921, 46, 104), but it has been 
stated {J.S.C.I., 1920, 39, 604 A) that the results are somewhat lower and 
less concordant than those given by Steele and Washburn’s method. It is 
further criticised by Kibner {J.S.C.I,, 1921, 40, 355 A), w'ho compares it 
unfavourably with his ow'ii method and with that of Steele and Washburn. 
He states that the presence of fish oils as adulterants of linseed oil may be 
detected by testing the solubility of the oclobromidcs in boiling benzol, and 
the determination of the M.Pt. of the solute. Davidson‘ {Analyst, 1921, 
46, 466) considers it desirable to apply the test to the oil, and not to the 
fatty acids — he uses a Very similar method to that of Steele and Washburn. 

The problem has Wen attacked in quite a different manner by H. Toms 
{Analyst, 1924, 49, ^j), w'ho has shown that the precipitate obtained by 
brominating linseed oil is a mixture of two substances, one of which is more 
soluble than the other. This work^t once opens up several new fields of 
investigation and suggests lines ateng wdiich a really standard process might 
be evolved. • 
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Sutcliffe's Method,— This, seems to be the best method yet available, and 
can be recommended as occupying little time and giving reasonably con- 
cordant results. One grm. of oil is taken in a tared flask and dissolved in 
40 c.c. of redistilled ether, 5 c.c. of glacial acetic acid are added, and the 
flask and contents cooled to about ii® C. in water. Bromine is added 
drop by drop with constant shaking till an excess is denoted by the red colour 
of the solution and the flask is corked and allowed to stand overnight in water. 
The contents of the flask are filtered through a Gooch crucible prepared in 
the ordinary way, with a small circle of filter-paper fitted over the asbestos. 
This enables the bromides to be separated for the melting-point determina- 
tion. The precipitate is kept as much as possible in the flask during the 
first three washings with lo c.c. quantities of cooled ether, and is then trans- 
ferred to the Gooch crucible for the two final washings. (Before filtration 
the flask and contents are cooled to below 5^’ C., and the red ether solution 
is decanted through the filter. The bromides are washed with cooled 
ether, and whilst settling, the filter-paper is washed free from bromine with 
an ether jet.) The Gooch crucible and flask are dried for three hours in 
the water-oven, and arc weighed. After weighing, the melting-point of the 
bromides is determined. In the case of linseed oil, this should be from 
141° to 144° C. 

Quantitative Drying Tests 

It has Tilready been pointed (uit in an earlier chapter that the drying 
oils, and the semi-drying oils to a lesser extent, have the power of absorbing 
oxygen from the atmosphere and fo?mi ng an insoluble skin which makes the 
oils of value for paints, varnishes and the like. It is obvious that the drying 
power, which is practically equivalent to its capacity for absorbing oxygen, 
is one of the most important of the determinations which it is desirable to 
make when examining an oil of this class. In addition to the qualitative 
drying test which is described under linseed oil on page 174 and which is 
capable of giving very useful results in experienced hands, many efforts 
have been made to devise a test which will give quantitative results for the 
drying pow-er of oils. 

The earlier investigators, and, indeed, some of the later ones also, exposed 
the oil itself to the action of the atmosphere in various ways and observed 
the gain In weight of the oil so treated. Weger, for example, carried out 
a long series of expr^iments with a method of this kind and his results are 
quoted at length by Lewkowitsch (Vol. 1 , page 475), but the method is not 
suitable for use as an ordinary laboratory method. 

On account of the lenj^th of time required for a simple drying experiment 
of this kind various suggestions have been made few the addition of driers *’ 
to the oil before exposure. Livache 1886, 5, 494) used a pre- 

cipitated metallic lead powder on which the oil is dropped (0 6 grm. of oil 
to 1-2 grins, (if lead powder), whilst others have used precipitated copper 
powder. Bishop {y.S.C.L, 1896, 15, 475) spread the oil on precipitated 
silica and added a little manganese resinate, whilst Krumbhaar {Analyst^ 
^ 9 ^ 4 > 39 > 92) suggested the use of cobalt resinate.. Fahrion (J.S.CJ.f 
1894, 405) impregnated a strip of chamois leather .with the oil thus ex- 

posing a very large surface to the oxidising power of the atmosphere. Walker 
{Bulletin No. 109, Bureau of Chemistry , U.S. Dept, of Agriculture \ Chemical 
News y ig JO ^ 102, 57) used powdered litharge, but^is method was found to 
give wildly fluctuating results by Liverseege and Elsdon (jf.S.C.I.y 1912, 31, 
207), who, however, found that, by mq^ing the conditions of the test definite, 
useful results could be obtained with t|^e minimum expenditure of labour 
in a reasonably short time.# This test is described in full below. Fryef 
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and Weston [Technical Handbook of Oilsy Fats and Waxes, Vol. II, page 103) 
use a piece of fine copper gauze of about 160 mesh, which is weighed, dipp^ 
in the oil to be tested, allowed to drain, placed on a watch glass and weighed 
at once and then each day until the maximum weight is recorded. Wilson 
and Heaven (J.S.CJ,, 1912, 31, 565) have suggested a method in which the 
actual volume of oxygen absorbed is measured. The results obtained in 
this way would not seem to warrant its use as a routine laboratory method 
although they are of distinct interest from the theoretical standpoint. 

It will probably be found that the simplest of the quantitative tests so 
far suggested is that by Liverseege and Elsdofi, described below, in which 
the maximum gain in weight of a linseed oil is usually complete in two days 
and in which little trouble is involved. 

A somewhat different method has been suggested by Elsdon and Hawley 
[Analyst, 1913, 38, 3), who extract with ether the residue obtained by drying 
the oil at an elevated temperature and w^eighing the extracted matter. Under 
the conditions of experiment used pure linseed oils give extracts varying 
from 14-0 to 19-0 the extract varying proportionately to the iodine value 
according to the following equation where I is the iodine value ; 

Maximum permissible extract —81 *9— 0*35 I. 

Non-drying oils and semi-drying oils give art extract of 100, i.e., they show 
no drying power at all. The test is carried out as follows : 

Two and a half grms. of the oil arc weighed into a small dish and trans- 
ferred by means of a wash bottle containing ether to a 25 c.c. graduated Bask. 
The solution is then diluted to the mKrk with more ether and the whole 
thoroughly mixed. 5 c.c. of this solution arc then transferred by means 
of a carefully dried pipette to an Adam’s coil (the fat-free strips made for 
the determination of fat in milk) care being taken that the solution is uniformly 
distributed over the whole paper. The coils are allowed to dry in the air 
overnight and then placed on their edge in the steam oven (it is convenient 
to fold them twice or three times before doing this), so arranged that the 
whole of the surface is exposed, and allowed to remain for two hours. At the 
end of this time the coils are removed, rolled up, placed in a Soxhlet fat- 
extraction apparatus and extracted W'ilh ether (S.G. 0-720) for three hours. 
At the end of this time the ether is evaporated, a little absolute alcohol added, 
and the flask dried in the steam oven for two hours : it is then cooled and 
weighed. The following results have been obtained bj^this method : 

Table XXXVIII. — Results of Quantitative Drying Tests 
(Ei^sdon and Hawley) 


Oil. 

i 

; lod inc 
j Value. 

LivadHic 
(Modified) 
L. and E. 

Extract 
per cent. 

2 hrs. 

Linseed .... 

i ^92 

1 ^ ^ 



14-0 

«... 

174 

1 13*3 

19-2 

»> .... 

194 

17-4 

14-0 

,, .... 

1 179 

14-6 

19-0 


i 183 

1 15-5 

17-4 


{ 1 88 

! ^^'3 ; 

152 

>» .... 

! 183 

1 15-3 ! 

17*6 


1 180 

15-2 

i8-6 


176 

13-8 1 

i8-8 

»> .... 

181 

15*2 ! 

i8-o 

Colza .... 

.^9 

100-6 
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R<mtine Determination of Oxygen Litharge is finely powder^ 

and passed through a No. 40 sieve, it is then spread out in a thin layer in 
an incubator at 20°-22° C. and left overnight in order to gain constancy in 
weight. About 10 grms. are placed in a German silver dish 3 inches in 
diameter and i inch deep with a flat bottom and parallel sides. The whole 
is weighed and about 07 to 0*9 grm. of oil added. After weighing, 5 c.c. 
of methylated ether (sp. gr. 0720) are then added and the litharge spread 
out in a uniform layer by thoroughly rocking the dish, which is then put 
into the incubator and weighed after one, two, or more days, until the weight 
is either constant or diminhihing. The gain is expressed as a percentage 
of the weight of the oil taken. The added ether is almost completely 
volatilised in half an hour, and tests proved that the amount of residue left 
by it does not exceed 3 milligrams and is often less. 

Proceedhig in this way a genuine raw linseed oil ceases to gain in two 
days, and after that time usually loses. In one case the gain in two days 
was 17*4 per cent., in three days i6*q per cent., and in fourteen days 15-9 
per cent. In the case of a boiled oil the oxidation is usually complete in one 
day : one sample gained 14-1 per cent, in one day, whilst after two days the 
gain was only 13 *6 per cent. 

Duplicate experiments with an oil have always agreed well; the following 
successive determinations obtained with a sample of genuine linseed oil, 
are typical of the degree of accuracy attainable. 

Percentage gain, 17*2, i6*8, 17-4, 17*0, 17*4. 

Of the other vegetable oils examined, soy showed the largest gain, 8-4 per 
cent, to 8 '9 per cent, being obtained. Cotton-seed oil came next with a gain 
of 6-6 per cent. The oxidation was usually c()mj>lete in two days. Colza 
oil and arachis oil each gained 2-5 per cent., and two samples of olive oil 
gained o-6 per cent, and 1*4 per cent, respectively in two days. 'Phese 
samples continued to gain up to twenty-one days, the figures then being 
57 per cent., 4-1 per cent., 2*5 per cent., and 3-4 per cent, respectively. 
Of the fish oils whale oil gained 6-4 per cent, and seal 4-9 per cent, in two 
days. Resin oil behaved peculiarly : it lost 0-3 per cent, in one day and then 
gained rapidly, the figures being 9-9 per cent, in two days, and 19-4 per cent, 
in thirteen days. 

It has been found that in the case of oils of the same kind, a very close 
relationship exists between the oxygen absorbed and the iodine value (Wijs). 
In the following tables the oils are arranged in the order of their iodine values; 
it will be noticed that in nearly every case a fall in iodine value is accompanied 
by a fall of oxygen absorbed. • 

Raw Linseed Oil 

Iodine value . . 194 188 184 i8r 180 180 179 176 

Percentage gafti . 17*4 16*3 15-5 15-1 15-2 15-0 14*6 13*8 


Boiled Linseed Oil 


Iodine value . . 176 171 168 ■ 164 163 

Percentage gain . 13*9 13*6 141 13*5 12*6 

As might be expected the above relationship .^oes not hold strictly when 
oils of different classes are compared; however, even among such various 

• Liverseege ai^ Elsdon {loc, cit.]. 
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oils as linseed, rape, cotton-seed, and olive, the same kind of gradation is 
present. 

The following papers may be referred to by those interested in the 
oxidation of oils: 

“ The Detection of Blown Oils Mixed with Mineral Oils.” Mar- 
cusson, Analyst, 1906, 31, 51; J.S.CJ., 1911, 30, 292. 

Redman, Weitb and Brock. “ The Drying Rate of Raw Paint Oils.” 
Analyst, 1913, 38, 468. 

I'ahrion. “The Estimation of Rosin, in Blown Oils.” Analysts 
1913, 38, 469. 

Hyland and Lloyd. “ The Study of Progressive Oxidation in Oils.” 

y,s.c.L, 1915, 34, 62. 

Morrell. “ The Study of Polymerisation in Linseed, and Tung 
Oils.” y.S.C.1., 1915, 34, 105. 

Mackey and Ingle. “ The Oxidation of Oils in the Presence of 
Metallic Catalysts.” y.S.C.I., 1917, 36, 317. 

Kronstein. “ A Study of the Polymerisation of Oils.” y,S,C.L, 
1916, 35, 608. 

Morrell. “ Catalysis Applied to the Oxidation of Oils.” y.S.CJ., 
1920, 39, 153T. 

Salway. “ A Contribution to the Theory of Polymerisation in 
Fatty Oils.” y.S.C./., 1920, 39, 324T. ^ ^ , 

Marcusson. “ Effect of Blowing and Electrical Treatment on Fatty 
Oils.” y.S.CJ., 1920, 39, 755A; 119*22, 41, 866A. 

Wolff. “ Polymerisation of Oils.” y.S.CJ,, 1921, 40, 18A. 

Hill. “ Action of Catalysts on Non-drying Oils.” Analyst 1924, 
49, 149. 

Thk Acetyl Value 

When hydroxy acids are heated with acetic anhydride the former 
become acetyl ated, the acetyl group going in to the acid molecule at the 
expense of the hydroxyl group. The amount of acetic anhydride absorbed, 
which may be determined as the acetyl value, then becomes a measure of 
the hydroxy acids present although, as Lewkowitsch has pointed out 
(A?ialyst, 1899, 24, 319), the acetyl value may also indicate free alcohols, 
oxidised acids, mono and digiyccrides and rancidity. The acetyl value may 
be defined as the number of milligrams of potassium hydroxide required 
for the neutralisation of the acetic acid obtained on saponifying i grm. of 
the acetylated fat. 

The determination was first proposed by BeneJikt, but the method now 
in use is due to Lewkowitsch (J. 5 .C./., 1897, 16, 503 ; Oils, Fats and Waxes, 
Vol. I) and is thus described by this author: • 

“ 10 grms. or any other convenient quantity, are boiled With twice the 
amount of acetic anhydride for two hours in a round-iiottomed flask attached 
to an inverted condenser. 7 'hc solution is then transferred to a beaker of 
about I litre capacity, mixed with 500 c.c. to 600 c.c. of boiKng water and 
heated for half an hour, whilst a slow' current of carbon dioxide is passed 
into the liquid through a finely-draw'n-out tube reaching nearly to the 
bottom of the beaker; this is done to prevent bumping. The mixture is 
then allowed to separate ^ to two layers, the water is syphoned off, and the 
oily layer again boiled out in the same manner three successive times. 
The last trace of acetic acid is thus regioved ; this is ascertained by testing 
with litmus paper. Prolonged wasljing beyond the required limit causes 



CHEMICAL TESTS 


135 


slight dissociation of the acetyl product. This would lead to too low an 
acetyl value. The acetylated product is then filtered through dry filter-paper 
in a drying oven to remove water. 

The whole operation may be carried out quantitatively, and in that case 
the fatty matter is washed on the filter with boiling water, until the filtrate 
no longer reddens sensitive litmus paper. It is advantageous to weigh the 
fatty matter left on the filter after drying in an oven if it is desired to ascertain 
preliminarily whether in an unknown fat a notable amount of glycerides of 
hydroxy acids are present. 

About ^ grms. of the acetylated product are then saponified by boiling 
with alcoholic potash, as is done in the determination of the “ Saponification 
Value.^* If the “ distillation process ” be adopted, it is not necessary to 
work with an accurately measured quantity of standardised alcoholic potash. 
In case the filtration process be used, the alcoholic potash must be measured 
exactly. (It is advisable to use in either case a known volume of standard 
alkali, as one is then enabled to determine the saponification value of the 
acetylated oil or fat.) Next the alcohol is evaporated off and the soap dis- 
solved in water. From this stage onwards the determination is carried out 
either by (a) the distillation process, or (A) the filtration process. 

(a) Distillalion Process. — Ad/i dilute sulphuric acid (i : lo), more than is 
required to saturate the potash used, and distil the liquid in a current of 
steam. 600-700 c.c. of water are distilled off. As a rule this will be quite 
sufficient, Inr the last 100 c.c. will be found to require no more than o-i c.c. 
of dccinormal alkali. 'Fhen titrate^ the distillate with decinormal potash, 
using phenolphthalcin as an indicator, multiply the number of c.c. by 5*61, 
and divide by the weight of substance taken. I’his gi\es tlic acetyl value. 

{h) F lit ration Process . — Add to the soap solutii t a quantity of standardised 
sulphuric acid, exactly corresponding to the amount of alcoholic potash 
employed, and warm gently, whereupon the fatty acids will readily collect 
on the top as an oily layer. (If the saponification value is being determined, 
it is, of course, necessary to take into account the volume of acid used for 
titrating back the excess of potash.) Filter off the lihcratcd acids, wash with 
boiling water until the washijigs are no longer acid, and titrate the filtrate 
with dccinormal alkali. The acetyl value is calculated in the manner shown 
above («). 

Both methods give identical results; the latter requires less time and 
will, therefore, be fcmncl more convenient. 

The distilled water used in determining the “ value ” by either the dis- 
tillation or filtration proce.ss must be carcfuli^^ freed from carbonic acid by 
previous boiling, as othe;;w’sc serious errors wall follow. F-ven the w^ater 
used for generating steam in the distillation pi^cess should be brought 
into violent ebullition before the steam is passed into the distilling flask. 
In the case of very Bard water this source of error Tnay easily creep in. Check 
experiments wafh pure acetic acid will readily guide the operator. In order 
to facilitate the separation of the insoluble fatty acids in the filtration process, 
it will be found useful to add a slight excess of mineral acid. Of course this 
amount, whiclf need not exceed i c.c. of normal acid; must be measured 
accurately ana deducted from the alkali required for determining the dis- 
solved acids. 

Lewkowitsch draws particular attention to the fact that his definition of 
the acetyl -^alue refers to the acetylated oil wliicl^ is weighed out, and to 
which the value is calculated. 

In the case of fats containing vo^tile acids the figure obtained for the 
acetyl value wall include these acids. L) such cases, therefore, the amount 
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of alkali required for the volatile acids is separately determined and sub- 
tracted from the apparent acetyl value to give the true acetyl value, 

The only oil having a high value is castor oil, for which the value is 
about 150; the figures for other fats vary from 2*5 to 30, whilst carnauba 
wax gives a figure of about 55. 

T. Zerewitinoff [Analyst 1914, 39, 41) has suggested the use of the 
Grignard reagent (magnesium methyl iodide) for the purpose of the deter- 
mination of the acetyl value, whilst E. B. Elsbach [J,S,C.L, 1924, 43, B23) 
uses acetyl chloride in a stream of carbon dioxide and notes the increase in 
weight of the fat before and after acetylation. * 

E. B. Holland [Analyst^ 1914, 39, 362) suggests that, in order to be 
comparable with other results, the acetyl value should be given as the number 
of milligrams of potassium hydroxide required to saponify the acetyl group 
taken up by 1 grin, of the "fat on acetylation; he suggests fhe following 
process : 

“ Five grms. of the fat are heated with 10 c.c. of acetic anhydride in a 
boiling water- bath beneath a reflux condenser for one to one and a half 
hours, after which sufficient ccresin is added to give a solid disc when cold. 
Prior to cooling, 150 c.c. of boiling water are introduced, and the flask 
heated on the water-bath with occasional shaking to expel occluded acetic 
acid. The solid cake left on cooling is heated with a further 150 c.c. of 
boiling w^atcr, this process being repeated about six times until the filtrate is 
nearly neutral. The solid disc and particles on the filter arc Ichen boiled 
with 50 c.c. of standard alcoholic potassium hydroxide solution and 50 c.c. 
of alcohol beneath a reflux condenser (with glas.s beads to prevent bumping), 
and the excess of alkali titrated wa’th hydrochloric acid, with alkali blue 
as indicator. 1’he difference between the saponification value before and 
after acetylation is the acetyl value.” 

This method is used by E, Andre * [Analyst. 1921, 46, 251) and supported 
and slightly modified by L. W. Cook (J.S.C.L, 1922, 41, 299A, by J. R. 
Powell, J.S.C.L, 1923, 42, ii85A),and also by A. Leys [J.S.C.L, 1922, 
41, 148A). 

L. Carcano [J.S.C.I., 1919, 38, 687 A) states that, as might be expected, 
the repeated washing of acctylaled oils with boiling water causes slight 
hydrolysis and that the free acidity should be titrated in the cold before the 
determination of the saponification value of the acetyiated product. 

A. Griin [Analyst, 1920, 45, 105) has pointed out»that the formation of 
inner anhydrides and inner esters may be a serious source of error. He 
obviates this by'^ preparing ethyl esters by alcoholysis (page 51), and 
carrying out the determination of the acetyl value jon these. 

The Formyl Value of Simmons. — W. H. Simmons [Analysty 1915, 40, 
491) has developed a method for the examination of essential oils somewhat 
analogous to the acetyl value, but depending upon the •use of formic acid. 
Bolton and Revis [Analysty 1915, 4 ®» 5 ^^) t-'onsider that this process may 
yield valuable results in the examination of fats, the method being likely 
to give information similar to the acetyl value in a more expeditious manner. 
It seems desirable that work should be carried out along thcjue lines. 

Halogen Absorption Values 

The halogen (absorption) value of an oil is an indication of the amount 
of halogen which can be absorbed by an oil under certain more or less arbitrary 
experimental conditions ; the value i^ usually expressed in grms. of halogen 
♦ For a modification suggested liy Andre, see J.S.CJ., 1925, 44, B290. 



CHEMICAL TESTS 


137 


absorbed by 100 grms. of oU, The values in common use are the Iodine 
Value and the Bromine Value, of which the former is by far the most import- 
ant; they are dealt with separately below. 

I. The Iodine Value 

The first serious work on the quantitative absorption by fats was done 
by Hiibl (J. 5 .C./., 1884, 3, 641), who showed that, although the reaction 
was very slow at ordinary temperatures and irregular at high temperatures, 
when the iodine was present in alcoholic solution in the presence of mercuric 
chloride the absorption of iodine took place at a reasonably rapid rate and 
that concordant results could be obtained. The method is described below. 
The mechanism of the reaction has been dealt with at length by B. M. 
Margosches *and his co-workers (J.S.CJ.y 1924, 43, B341, B564, B719, 
B877; 1925,44,11928). 

The Hubl Method. — Weigh out a suitable quantity of the fat (vi.) in a 
small crucible, transfer to a perfectly dry 350 c.c. stoppered flask or bottle 
and dissolve in 10 c.c. of pure carbon tetrachloride. Then add 25 c.c. 
of the special iodine solution (a 6 per cent, solution of mercuric chloride 
in absolute alcohol mixed with an equal volume of a 5 per cent, solution 
of iodine in absolute alcohol) and allo\v to stand overnight in the dark. In 
one or two flasks use only carbon tetrachloride and iodine solution; these 
serve as bhTnks. After standing add 15 c.c. of 15 per cent, solution of potas- 
sium iodide to each of the flasks and then 150 c.c. of water to each of the flasks 
with oils and 100 c.c. to the blanks. Then titrate with standard solution of 
sodium thiosulphate to starch. It is convenient to use a solution of sodium 
thiosulphate containing 1372 grms. per litre as i!> this case each cubic centi- 
metre is equivalent to 7 milligrams of iodine; using this solution the per- 
centage of iodine absorbed is given by 

(c.c. thio. used for blank —c.c. added to oil) > 0 007 x 100 
wt. of oil used. 

It is most important that tlicrc should be present at least 30 per cent, 
of iodine in excess. In order to ensure this the quantity of oil to be used 
in grms. may be obtained by dividing the highest probable iodine value 
into 40, thus 

grams of oil to be used -- - r- r-i - * 

highest per cent, ot iodine probable 

• 

Several suggestions fof the modification of this test have been proposed. 
They have been examined by IMargosches and liljpner {J.S.C.l.^ 1924, 43» 
640B), who find that the activation of alcoholic iodine solutions depends 
on the interaetjon of mercuric chloride and iodine to form iodine mono- 
chloride. Cadmium chloride behaves similarly. In using the solution of 
iodine in acetic acid containing mercuric acetate suggested by Leys (^., 1907, 
26, 436) the mercuric acetate is converted into mercuric iodide by the 
hydrogen iodiefe produced by the action of iodine on the fat, and the action 
of the mercury salt is in this case simply that of removing the hydrogen 
iodide which would otherwise prevent the iodine addition proceeding to 
completion. The mercuric iodide in Gill and Adam’s solution of iodine 
in methyl alcohol {J. Atner. Chem, Soc., 1900, 22, hz) probably has a similar 
action. 

Various suggestions have been macb for leaving out the mercuric chloride 
and even for working in aqueous solutien. B. M. Margosches and his co- 
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workers (J. 5 .C./., 1924, 43, 639B) report good results with a few minutes 
absorption by dissolving the oil in excess of alcohol, if necessary by heating, 
adding an N/5 alcoholic solution of iodine and then water, the amount 
of iodine being back titrated with thiosulphate without the addition of 
potassium iodide. These workers consider that the presence of potassium 
iodide inhibits the addition of hypoiodous acid, which is a necessary part 
of the reaction (J.S.CJ., 1924, 43, 680B). 

The Hiibl solution has been modified by Waller (Analyst y 1895, 20, 280), 
tvho makes the solution much stronger than the former and adds in addition 
50 grins, of concentrated hydrochloric per litre of solution. This solution 
gives results which usually agree fairly closely with those obtained by the 
Hiibl method but is not as reliable — it is not used in this country (cf, Ingle, 
J.S.CJ.y 1902, 21, 587). Mergen and Winogradoff (Analysty 1914, 39, 
311) state that Waller’s solution is much more stable than Hubl’s. They 
also consider that there should be slight excess of iodine over chlorine to pre- 
vent substitution. Auguet suggests that the occasional low results given 
by the Hub] method may be prevented by the addition of a little hydriodic 
^ 6 d {J.SXJJ.y 1912, 31/1137). 

L. W. Winkler (Analysty 1925, 50, 523) claims that the use of a 0-3 per 
cent, bromine solution in glacial acetic acid containing i per cent, each 
of mercuric chloride and ctystallised sodium acetate will allow of a deter- 
mination of the “ Iodine value ” in less than ten minutes (cf. Bromine Value, 
page 143). I'he preparation of the bromine acetic acid solutionis given by 
the same author (J.S.CJ.y 1925, 44, BSj^). 

The Wijs Method . — bVom the tiieoretical consideration of the chemical 
changes involved in the Hiibl method it was assumed (page 137) that iodine 
monochloride was the ai.u%e agent (Wijs, 1898, 17, 698; Analysty 

1900, 25, 33). Wijs I'lroposed that this substance should be used dissolved 
in glacial acetic acid, 'riie following method is that recommended by the 
Committee of Analysts appointed by the Director of Oils and Fats in 
November 1918. 

Iodine Value— -Reagents Requited — (//) Iodine Solution . — This is con- 
veniently prepared by dissolving y-r grms. of iodine trichloride in acetic 
acid (minimum strength, 95 per cent.) and solution may be hastened by 
warming on a steam bath. When dissohed, add to the solution 8-2 grms. 
of rcsublimcd iodine, assist solution Iw heating as before, and make up U) 
1000 c.c. with acetic acid (95 per cent.). The soluticj-n is standardised by 
means of a blank test carried out at the time that it is used, which should 
be at least twenty-four liours, after it is made u]\ it the solution is heated 
for a short time by immersion in boiling water, it, may be used immediately 
after cooling. / 

The quantities of iodine and iodine trichloride here given are not correct. 
Both H. Dubovitz {J.SXi.I.y 1915, 34, 305) and Radclilfc and Polychronis 
(J.S.C.L, 1916, 35, 340) .state that they sShould be 7-8 grmS. of iodine tri- 
chloride and 8-5 grms. of iodine. These figures will gi^^e 16-3 grms. per 
litre of iodine monochloride a N/5 solution of wliidi should contain 16*238 
grms. per litre. 'Phe actual weights are 7*777 grms. of iodine trichloride 
and 8*461 grms. of iodine. 

(i) Sodium Thiosulphate Solution . — Dissolve 24*8 grms. of the pure 
salt in 1 litre of distilled water. It is advisable to add 0*5 grm. per litre of 
sodium bicarbonate to tlte solution as a preservative. This solution must 
be standardised by titrating it against pure dry resublimed iodine, but where 
this is inconvenient the iodine may l]e liberated from potassium iodide by 
a known amount of potassium diclyomate in the presence of hydrochloric 
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add. As the oxidising value of potassium dichromate does not always 
correspond accurately with that of an equivalent amount of iodine, the potas- 
sium dichromate to be used as described below shall first be set against 
pure dry iodine. The titration is carried out as follows : Weight o*20 grm. 
of pure recrystallised K2Cr20, into a 200 c.c. stoppered bottle, dissolve in 
25 c.c. distilled water, add 20 c.c. 10 per cent, potassium iodide solution 
and 10 c.c. HCl, moisten the stopper with the KI solution, and allow to 
stand five minutes. Wash down the stopper with distilled water, dilute 
to about 100 c.c. volume, and titrate the liberated iodine with the sodium 
thiosulphate solution, using Starch solution as indicator, A blank test, using 
the potassium iodide solution and h^'^drochloric acid alone, should be carried 
out, and the necessary deduction, if any, made from the previous titration. 

• 0-2 grm. K2C*’a07 --0*51768 iodine 

(c) Potassium Iodide Solution , — A 10 per cent, solution of the pure salt 
in distilled water. 

{d) Solvent . — Chloroform or carbon tetrachloride to be used as a solvent 
for the oil. A blank test on the solvent must not show an absorption of 
iodine equal to more than 0-2 c.c. of the thiosulphate solution. 

(e) Starch Solution . — Use a*i per cent, solution ol‘ soluble starch. 

Method .— to i grm. of the sample is weighed into a wide-necked 
stoppered 'bottle of about 200 c.c. capacity; 0*15 grin, of a strongly drying 
oil and a proportionately larger amount for oils or fats of lower iodine value, 
up to approximately i grm. for such fats as coconut and the like. Dissolve 
the weighed quantity of fat or oil in 10 c.c. of the solvent {d) and add 25 c.c. 
of iodine solution, moisten the stopper with potassium iodide solution, and 
allow to stand for one hour. In the case of fats having a very high iodine 
value like linseed, allow to stand for three hours. 

After standing, wash the stopper and neck of the bottle down with 
15 c.c. of the 10 per cent, potassium iodide solution, mix, and add 100 c.c. 
of distilled water, and titrate the excess of iodine witli the sodium thiosulphate 
solution. Towards the end of the titration add about 2 c.c. of the starch 
solution, and shake vigorously after each addition of the thiosulphate solu- 
tion until the centents of the bottle are colourless. 

A blank test, using 10 c.c. of fat solvent and 25 c.c. of the iodine solution 
must be done with (;ach set of estimations, or at least once daily. 

The result is expressed as per cent, of iodine reacting with the fat. 

The great advantages of the Wijs method over that of llubl are that the 
time required for the completion of the reaAion is very much less in the 
former than in the latter, whilst the solution more stable. The dis- 
advantages are the properties of the acid solvent whl^h arc liability to solidify, 
possible jhemical action due to the acidity and large coedicient of expansion 
and viscosity itiquiring great care in pipetting to use identically the same 
temperature and method for the blanks as well as for the oil itself. 

Alternative methods of preparing the solution in addition to that men- 
tioned above are the use of iodine monochloride itself, wjiich can now readily 
be obtained, and the preparation of the reagent by dissolving 13 grms. of 
iodine in a litre of glacial acetic acid, and then passing a current of pure dry 
chlorine into the solution until the titration figure with thiosulphate, after 
the addition of potassium iodide, has been doubl'd; the solution becomes 
distinctly lighter in shade at this point. Care should be taken not to have 
excess of chlorine as it has been pointed out by several observers that the 
Wijs solution in order to give accurate results should have a slight excess 
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of iodine over chlorine. Ueno 1916, 35, 367); Schmidt-Nielsen 

and Owe (J.S.CJ,, 1924, 43, B302). See also page 138. 

In order to get over the difficulties of using acetic acid as the solvent, 
Hildt has suggested (y. 5 .C./., 1919, 38, S89A) the use of carbon tetrachloride 
in its place. Although the writer has not, as yet, made any comparative 
tests of the two methods the results obtained by the use of the tetrachloride 
have been quite normal. The method is well worth extended trial as it has 
obvious advantages. 

The Hanus Method . — This method is similar to that of Wijs, the active 
agent being iodine bromide in place of the ioQine chloride of the former. 
At the time the suggestion was made the great advantage lay in the com- 
parative ease with which the solution could be made up, but this is no 
longer of any great importance since it has been possible to purchase iodine 
monochloride quite cheaply as such. The method is described below for 
the purpose of completeness, but in so far as it offers no material advantages 
over the Wijs method, and as so many results have already been obtained by 
using the latter method there is no object in increasing the confusion already 
existing by the use of another method. Moreover, some writers have 
asserted that the results obtained by the two methods are not identical, 
although this is not accepted by all. (Cf. A. Marshall, J.S.C.L, 1900, 19, 
213; T. F. Harvey, 7 1902, 21, 1437*; 23, 306; L. Archbutt, 

1904, 23, 306). The Hanus method is, however, strongly recom- 
mended by Holde and his co-workers (J.S.CJ.y 1922, 41, 557A). The 
influence of the solvent on the Hanus ydue has been considered by Bank- 
ston and Vilhrandt {J.S.C.L, 1924, 43, 08 iB). 

Prepare the reagent by adding 13 grms. of bromine (cf. the work of 
Radcliffe and Polychronis Uelow, p. 142) drop by drop to 20 grms. of finely- 
powdered iodine which is kept at a low temperature by means of ice. The 
process is carried through with the same technique as that used for the Wijs 
process, the time of contact varying from 15 minutes to an hour according 
to the degree of unsaturation of the oil. 

Manchot and Oberhauser {J.S.C.I.y 1924, 43, 564B) found that excellent 
agreement with iodine values determined by HubPs method for substances 
of iodine value varying from that of oleic acid to that of linolenic acid was 
obtained by using the following bromine solutions: (a) o*i N bromine in 
20 per cent, hydrochloric acid solution with lo c.c. of chloroform for each 
determination ; {b) bromine in commercial 99-100 t^^r cent, acetic acid 
with the addition of chloroform ; (c) bromine in acetic acid solution without 
the addition of chloroform. In carrying out the determination, 10 c.c. of 
chloroform are added to a weighed amount of the substance, the iodine 
value of which is to be (^'termined, in a stoppered flask, and excess of the 
bromine solution is addc(l. After allowing the flask to stand for a suitable 
period of time in the dark, sufficient arsenious acid solution is added to render 
it colourless, the solution diluted to 2-3 times its volume, and titrated with 
bromine solution, using indigo carmine or a mixture of equal parts of indigo 
carmine and trinitrorcsorcinol as indicator. The reaction periods necessary 
for linolenic acid and the three bromine solutions specified® above are (a) 
4 hrs., (h) 3 hrs., and (c) 24 hrs. (Cf. Holde and Gorgas, ^.iS.C./., 1925, 
44, B600.) 

Winkler's Method. — Winkler’s method consists in the use of 50 c.c. of 
a N/io solution of potassfcjm bromate solution which contains about i grm. 
of potassium bromide and 10 c.c. of lo per cent, hydrochloric acid, the oil 
being dissolved in 10 c.c. of carbon tejrachloride as usual. The absorption 
is allowed to continue in the dark ^r one or two hours, according to the 
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degree of unsaturation of the oil, potassium iodide is added and the titration 
continued as usual. St. Weiser and Donath {Analyst, 1914, 39, 406) find 
that the results obtained by this method agree closely with those obtained by 
the methods of Hiibl, Waller and Wijs. 

The method is stated by Kelber and Rheinheimer {Analyst, 1918, 43, 
90) to give low results in the case of oils with high iodine value, and the same 
conclusion is reached by Sundberg and Lundborg {Analyst, 1920, 45, 338), 
but Lakhani and Sudborough {J.S.CJ., 1920, 39, 341A) state that the 
method is trustworthy in tne absence of light, and report that the use of 
® bone charcoal increases the late of absorption. (Cf. E. Schulek, 

1921, 40, 593A; L. Winkler, 1922, 41, 473A; 1924, 43, B755; 

O. Kopke, J.iS.C./., 1925, 44, B105; K. Scheffler, ibid., p. B728.) 

Aschman's Method . — This method {Chem. Zeit., 1898, 22, 59) depends 
upon the use* of an aqueous solution of iodine monochloride in place of the 
acetic acid solution of Wijs. This solution, which is prepared by the action 
of an aqueous solution of chlorine or an aqueous solution of potassium iodide 
is used exactly as is that of Wijs. Margosches and Baru {J.S.C.I., 1921, 
40, 779A) report that the results obtained by this method agree closely with 
those obtained by the methods of Wijs and Hiibl, although the time required 
for absorption is about 24 hours. (Cf. E. Stock, J.S.C.L, 1926, 45, B20.) 
These authors {J.S.C.L, 1921, ^S^A) subsequently published a modified 

process which may be carried out as follows: 

15 grins’* of potassium iodide is dissolved in 50 c.c. of water, and chlorine 
is passed through until the iodine,, at first precipitated, is completely redis- 
solved. The solution is allowed to sfand for five hours and is then decanted 
from the crystalline precipitate, wdiich is washed, and the solution and wash- 
ings made up to 500 c.c. with water. (This solution is even more stable than 
Wijs’ solution.) About o*5“0-i grm. of the oil or fat (according to the iodine 
value expected) is dissolved in 10 c.c. of carbon tetrachloride, and 10 c.c. 
of the iodine mo..ocliloride solution added. The mixture is then shaken, 
and the shaking is repeated two or three times during the first half of the 
absorption period, which varies from 2 to 4 hours for fats, 6 hours for non- 
drying, 8 hours for semi-drying, and 24 hours for drying oils, when only 
60 per cent, excess of iodine is used, 'i'he time can be reduced by using a 
larger excess (75 per cent.) when 6-8 hours is sulficient even for drying oils. 
The excess of iodine is titrated in the usual way. 

Subsequently, the^ame authors showed {Analyst, 1923, 48, 346) that a 
solvent need not be used and neither is shaking necessary if the time of 
contact be at least 24 hours. 

B. M. Margosches (and his co-workers) has Pecently introduced {J.S.C.I., 
1925, 44, B410, B600) wlAt he terms the “ upper iodine value,” that is to 
say, the iodine absorption after 24 hours in aque(ius-alcoholic solution as 
compared with the i^absorption under the same conditions in five minutes. 
He claims that the five minutes value corresponds to the lliibl value and that 
the difference between this and the 24 hour value has diagnostic properties. 
Thus the Hiibl values for olive and castor oils are similar, the ” Upper 
Iodine Values’* arc 119-7 and 162-2 respectively. Similar useful results 
are recorded with poppy and sunflowxT oils, sesame and cotton-seed oils, 
almond and rape oils. 

The Pyridine Method. — K. W. Rosenmund anfl W. Kuhnhenn {J.S.C.L, 
1924, 43, 23B; 1925, 44, B214) have proposed the usf of a solution of pyridine 
sulphate dibromide in glacial acetic acid. The adw ♦.ages claimed are speed 
of absorption and need for only slight excess. A N /ic solution of the reagent 
is prepared by dissolving separately ? grms. of pyridine and 10 gri^s. of 
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concentrated sulphuric acid in 20 c.c. of glacial acetic acid, adding 8 grms. of 
bromine dissolved in 20 c.c. of glacial acetic acid, and diluting the whole with 
glacial acetic acid to i litre. The reaction is complete in 5 minutes, even in the 
case of linseed oil, and the results obtained agree with those given by the 
Hanus method within the limits of experimental error. The excess of reagent 
can either be treated with potassium iodide and titrated with thiosulphate, or 
titrated direct with arsenious acid, the two methods giving identical results. 
Winkler {J.S.CJ.y 1925, 44, B138) considers that no advantage is obtained by 
the addition of pyridine, but this is not accepted Iby the authors of the process 
(v.s.). (Cf. W. Miillcr, J. 5 .C./., 1925, 44, B64of and B. Bierert, ibid.^ p. B929), 

A Direct Method . — Sabalitschka and Dietrich {J.S.CJ.y 1924, 43, B525) 
spread o*i to 0*4 grm. in a thin film on glass and weigh. They then place 
the film of oil thus prepared in a stoppered horizontal cylinder containing 
a few drops of bromine for one hour at the ordinary temperature. The 
bromine dissolved by the oil is then expelled by heating the glass plate for 
two to three hours at 60°. The plate and oil are then again weighed and the 
iodine value calculated from the increase in weight. These authors found 
that the values so obtained show fairly satisfactory agreement with the Hiibl 
method and even in the case of linseed oil the discrepancy was less than 2 per 
cent. 

The Relationship of the Various Methoch . — As a general rule the iodine 
value obtained does not depend to a large extent on the method used, but 
the variations which have been ol)taincd cannot be ignored and iteis desirable 
that some standard method should be adopted; failing this it is necessary to 
state the process by which the value h«% been determined in all cases where 
uncertainty is likely to arise. 

Aiiguet {J.S.CJ.y 191^, 31, 1137), commenting upon the somewhat lower 
results frequently obtained by the Hiibl process as compared with the Wijs, 
states that this may be overcome by the addition of a little hydriodic acid 
to the former and states that the results do not differ by more than i percent, 
when the iodine value is less than 130. 

RadclilTe and Polychronis {J.S.C.I., 1916, 35, 340) examined in some 
detail the methods of lliibl, Hanus and Wijs as applied to the determination 
of the iodine values of liydnicai i^on oils. They found that very slight 
differences in the amount of bromine used in making up the solution for 
the Hanus method led to varying results being obtained, so that they aban- 
doned this; they further found that the results obtained by the other methods 
depended to a considerable extent on the temperatur? of the solutions and 
on the time of contact, further absorption taking place after twenty-four hours. 
The Wijs method gave result of the order of three times those obtained by 
the Hubl method. It wjs further found that isopentane absorbed no iodine 
and that isoarnylene ^^sorbed 35-7 per cent, by the Wijs method, the 
theoretical figure being 36-3 per cent., an excellent resu\j:. 

Kelber and Rhcinhcimcr {Analyst y 1918, 43, 90) state that the Hiibl 
and Wijs methods give concordant results; they prefer the Wijs. The 
Winkler method was found to give lo^v results with oils of high iodine value, 
Sundberg and Lundborg {Analyst^ 1920, 45, 338) slate that thf Hanus method 
yields results which agree closely with those found by the Hiibl method ; 
the Wijs method gives .higher results and the W’^inkicr method lower results. 
They state that in the case of linolic acid the Hiibl value lies nearer to the 
theoretical iodine value ^han does the Wijs value, but as the purity of such 
an acid is certainly open to doubt this might be used to show the advantage 
of the Wijs method. The same remarks apply to the work of W. Devrient 
{J.S.CJ.y 1920, 39, 75SA), who founfi the iodine value of a sample of elaidic 
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Add by the Hiibl, Waller, Winkler and Wijs methods to be 8o-3> 8o*o, 8o-8 and 
8o'8 respectively, whilst that by the Hanus method was 82 -5 • He prefers 
the latter method merely because the result is nearer to the theoretical value 
of 90, but the balance of this evidence is obviously against it. 

MacLean and Thomas (J.S,CJ,y 1921, 40, 5i8A) state that for a fat 
containing appreciable quantities of sterols, the Hiibl value more accurately 
expresses the degree of unsaturation than that of Wijs. This opinion 
is confirmed to a certain extept by Holde, Werner, Tacke and Wilke (J^S.CJ.y 
1922, 41, SSyA), who also p-efer the Hanus reagent and who state that the 
Wijs solution gives values for sterols of about twice the theoretical. The 
difficulty of obtaining pure substances may, however, have something to 
do with these results. E. Andre (J.S.CJ.y 1924, 43, B139) placed solutions 
of iodine in carbon tetrachloride, carbon bisulphide, chloroform and acetic 
acid respectively in contact with olive, sesarn^, poppy and cod-liver oils 
and also with isoheptonc and phenylbutyline. The amount of iodine fixed 
in each case was determined, and the results obtained were expressed as a 
fraction of the iodine value. The violet solutions in carbon tetrachloride 
and carbon bisulphide are less active than the red or brown solutions, but 
the reaction appears to give very variable results even when experimental 
conditions are apparently simil^. (Cf. J. J. Cerdeiras, 1924, 43, 

B838; T. Sundberg, ibid.^ 1925, 44, B679; Gillot, ibid.y 1925, 44, 

B679). 

The Method Recommended , — For ordinary work the Wijs method has many 
advantages and should be adopted;^ it is generally used in this country. 
Although other methods are used in other countries (the Hanus method is 
the official method of the American A.O.A.C.) the use of the Wijs method 
is extending and it is quite likely that it may Ia. universally recognised. 
Doubtless the results obtained are not always ‘‘ theoretical ** but they have 
the great advantage of being concordant and until some absolute method is 
devised the Wijs method is able to give all the information really necessary. 

The Bromine Value 

A method for the determination of the bromine absorption value of 
fats was first proposed by Mills, Snodgrass and Akitt (y.S.C.J,, 1883, 2, 
435; 1884, 3, 366). The method was based upon the addition of a dilute 
solution of bromine in carbon tetrachloride to a solution of about o*i grm. 
of the fat in the same Solvent until an excess of bromine persisted for fifteen 
minut'^s, the excess of bromine then being titrated with thiosulphate after 
the addition of potassium iodide. 

During the absorption certain amount of hydrobromic acid is produced 
indicating that substitution has also been taking pi^ce. The hydrobromic 
acid so produced maj be titrated and the substituted oromine so determined 
subtracted from the total used thus giving the actual amount of “ added 
bromine, A method using these principles has been worked out by MTlhinev 
(J. 5 .C./., 1894, 13, 668). 

Using a similar method W. Vaubel (Analysty 1911, 36, 19) observed that 
when an oil is dissolved in carbon tetrachloride with the addition of potassium 
bromide and hydrochloric acid, and the solution is then titrated with potas- 
sium bromate solution, the quantity of bromine taken up by the oil is not 
equivalent to the iodine value of the oil. Furthfr experiments showed 
that non-drying oils, such as olive oil, absorb little, if any, bromine when 
thus treated; whilst drying oils absorb the bromine readily up to a certain 
point, where the addition of a further cjpantity of bromate solution produces 
a yellow colour of free bromine in the sdlution. The quantity of bromine . 
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concentrated sulphuric acid in 20 c.c. of glacial acetic acid, adding 8 grms. of 
bromine dissolved in 20 c.c. of glacial acetic acid, and diluting the whole with 
glacial acetic acid to i litre. The reaction is complete in 5 minutes, even in the 
case of linseed oil, and the results obtained agree with those given by the 
Hanus method within the limits of experimental error. The excess of reagent 
can either be treated with potassium iodide and titrated with thiosulphate, or 
titrated direct with arsenious acid, the two methods giving identical results. 
Winkler {J.S.C.I.^ 1925, 44» B138) considers that no advantage is obtained by 
the addition of pyridine, but this is not accepted fcy the authors of the process 
(v.s.). (Cf. W. Muller, 1925, 44, B64of and B. Bierert, ihid.y p. B929). 

A Direct Method. — Sabalitschka and Dietrich (J.iS.C./., 1924, 43* B525) 
spread o-i to 0-4 grm. in a thin film on glass and weigh. They then place 
the film of oil thus prepared in a stoppered horizontal cylinder containing 
a few drops of bromine for one hour at the ordinary temperature. The 
bromine dissolved by the oil is then expelled by heating the glass plate for 
two to three hours at 60''. The plate and oil are then again weighed and the 
iodine value calculated from the increase in weight. These authors found 
that the values so obtained show fairly satisfactory agreement with the Hiibl 
method and even in the case of linseed oil the discrepancy was less than 2 per 
cent. 

The Refcilkmship of the Various Methods. — As a general rule the iodine 
value obtained does not depend to a laigc extent on the method used, but 
the variations which have been obtained cannot be ignoicd and it is desirable 
that some standard method should be adopted; failing this it is necessary to 
state the process by which the value has been determined in all cases where 
uncertainty is likely to arise. 

Auguet i9t^, J i37)> commenting uj^on the somewhat lower 

results frequently obtained by the Iliibl process as compared with the Wijs, 
states that this may be overcome by the addition of a little hydriodic acid 
to the former and states that the results do not differ by more than 1 percent, 
when the iodine value is less than 130. 

RadclilFe and Polychronis (f.S.C.L^ 1916, 35, 340) examined in some 
detail the methods of iliibl, Hamis and Wijs as applied to the determination 
of the iodine values of hydrocarbon oils. They found that very slight 
differences in the amount of bromine used in making up the solution for 
the Hanus method led to varying results being obtained, so that they aban- 
doned this ; they further found that the results obtained by the other methods 
depended to a considerable extent on the temperatur? of the solutions and 
on the time of contact, further absorption taking place after twenty-four hours. 
The Wijs method gave resulft^ of the order of three times those obtained by 
the Hiibl method. It was further found that isofentanc absorbed no iodine 
and that isoamylcne ;/)sorbed 35*7 per cent, by the Wijs method, the 
theoretical figure being 36-3 per cent., an excellent resuj/:. 

Kclber and Rheinhcimer {Analyst, 1918, 43, 90) stat^ that the Hubl 
and Wijs methods give concordant results; they prefer the Wijs. The 
Winkler method was found to give low results with oils of high iodine value. 
Sundberg and Lundborg (Analyst, 1920, 45, 338) state that th^ Hanus method 
yields results which, agree closely with those found by the Hiibl method ; 
the Wijs method gives .higher results and the Winkler method lower results. 
They state that in the case of liiiolic acid the Hiibl value lies nearer to the 
theoretical iodine value than docs the Wijs value, but as the purity of such 
an acid is certainly open to doubt this might be used to show the advantage 
of the Wijs method. The same remarks apply to the work of W. Devrient 
(J.S.C.L, 1920, 39, 755A), who founft the iodine value of a sample of elaidic 
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acid by the Hiibl, Waller, Winkler and Wijs methods to be 80*3, 8o»o, 80*8 and 
8o’8 respectively, whilst that by the Hanus method was 82*5. He prefers 
the latter method merely because the result is nearer to the theoretical value 
of 90, but the balance of this evidence is obviously against it. 

MacLean and Thomas (J.S.C.L^ 1921, 40, 518A) state that for a fat 
containing appreciable quantities of sterols, the Hiibl value more accurately 
expresses the degree of unsaturation than that of Wijs. This opinion 
is confirmed to a certain extmt by Kolde, Werner, Tacke and Wilke {J.S.CJ.y 
1922, 41, 557A), who also prefer the Hanus reagent and who state that the 
Wijs solution gives values for sterols of about twice the theoretical. The 
difficulty of obtaining pure substances may, however, have something to 
do with these results. E. Andre (J.S.C.L, 1924, 43, B139) placed solutions 
of iodine in carbon tetrachloride, carbon bisulphide, chloroform and acetic 
acid respectively in contact with olive, sesame, poppy and cod-liver oils 
and also with isoheptone and phenylbutyline. The amount of iodine fixed 
in each case was determined, and the results obtained were expressed as a 
fraction of the iodine value. The violet solutions in carbon tetrachloride 
and carbon bisulphide are less active than the red or brown solutions, but 
the reaction appears to give very variable results even when experimental 
conditions are apparently similiy. (Cf. J. J. Cerdtim, J.S,C. I. ^ 1924, 43, 
B838; T. Sundberg, ibid.^ 1925, 44, B679; Gillot, ihid,^ 1925, 44, 

The Method Recommended.— \ ox ordinary work the Wijs method has many 
advantages and should be adopted; 1 it is generally used in this country. 
Although other methods are used in other countries (the Hanus method is 
the official method of the American A.O.A.C.) the use of the Wijs method 
is extending and it is quite likely that it may be universally recognised. 
Doubtless the results obtained are not always “ theoretical but they have 
the great advantage of being concordant and until some absolute method is 
devised the Wijs method is able to give all the information really necessary. 

The Bromine Value 

A method for the determination of the bromine absorption value of 
fats was first proposed by Mills, Snodgrass and Akitt (J.S.C.Ly 1883, 2, 
435; 1884, 3, 366). The method was based upon the addition of a dilute 
solution of bromine in carbon tetrachloride to a solution of about o*i grm. 
of the fat in the same Solvent until an excess of bromine persisted for fifteen 
minutes, the excess of bromine then being titrated with thiosulphate after 
the addition of potassium iodide. » 

During the absorption Eicertain amount of hydrobromic acid is produced 
indicating that substitution has also been taking pr^e. The hydrobromic 
acid so produced may be titrated and the substituted bromine so determined 
subtracted from ^he total used thus giving the actual amount of “ added ” 
bromine. A method using these principles has been worked out by MTJhiney 
(J.S.CJ.y 1894, 13, 668). 

Using a similar method W. Vaubel (Analysty 1911, 36, 19) observed that 
when an oil is dissolved in carbon tetrachloride with the addition of potassium 
bromide and hydrochloric acid, and the solution is then titrated with potas- 
sium bromate solution, the quantity of bromine taken up by the oil is not 
equivalent to the iodine value of the oil. Further experiments showed 
that non-drying oils, such as olive oil, absorb little, if any, bromine when 
thus treated; whilst drying oils absorb the bromine readily up to a certain 
point, where the addition of a further quantity of bromate solution produces 
a yellow colour of free bromine in the sdlution. The quantity of bromine 
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thus absorbed by the oil is termed the “ primary bromine value.** Only 
when an excess of bromine is added does the oil absorb a quantity equivalent 
to the iodine value, and this quantity is called the “ secondary bromine 
value ** of the oil. The following values were obtained in the case of three 
oils: Linseed oil, primary value, 75*2, 8o*o; secondary value, 1077. Wood 
oil, primary value, 57-0; secondary value, 94-6. Earthnut oil, primary 
value, 51*9; secondary value, 57*6. The author discusses the relation 
between these results and the compositions of thaoils. For the determination 
of the total (secondary) bromine values of jifis, the author recommends 
that 5 grms. of the oil be dissolved in 100 c.c. of carbon tetrachloride; 
potassium bromide solution and about 300 c.c. of water are added, then 10 c.c. 
of concentrated hydrochloric acid and a small crystal of potassium iodide. 
After the addition of an excess of standard potassium bromate solution, 
the mixture is shaken thoroughly for one minute, and the exc^s of bromine 
is then titrated with sodium sulphite solution. The small quantity of iodine 
added in the form of potassium iodide enables the end point of the titration 
to be observed clearly. The results obtained, when calculated into terms 
of iodine arc stated to agree closely with the iodine values of the various 
oils as estimated in the usual way. 

Gravimetric methods have been suggested by various workers, but in 
general these are not reliable. Cf. Waller (/I 1895, 20, 280) ; Lewko- 
witsch (J.S.CJ., 1896, 15, 859); Jenkins (7.5.C./., 1897, 16, 193); Procter 
and Bennett {J.S.C.Ly 1906, 25, 799). A method given by Becl^^r (j.S.CJ,, 

1923, 42, 1185A) and by Sabalitschka* and Dietrich (J.S.C.I.y 1924, 43, 
B525) is described under iodine value on page 142. R. Biazzo (J.S.C.l.^ 

1924, 43, B478) has described a process in which the fat is dissolved in 
chloroform and the solution cooled wulh running water at 15°, whilst a chloro- 
form solution of bromine (1:1) is added, drop by drop, until a permanent 
brick-red colour is obtained. I'he excess of bromine and the chloroform 
are removed by passing a current of dry carbon dioxide through the liquid 
heated to ioo‘\ The liquid is allow^ed to cool in a current of carbon dioxide 
and weighed. 

In general, however, the bromine value is no longer used. It has been 
almost entirely superseded by the iodine value wdiich gives more trust- 
worthy results. In view of the almost universal application of the iodine 
value it is unlikely that the bromine value will be revived ; it will be necessary 
to show material advantages before such a thing would be generally accepted. 
(Cf. the pyridine method, page 141.) 

A new suggestion has lately been made ]>y H. P. Kaufmann {Analyst, 
J925, 50, 577) in which thcTeagcnt used for the titration is a solution of a 
thiocyanogen coinpoun^in glacial acetic acid. The amount of thiocyanogen 
added to an unsaturat(^I oil or fatty acid docs not correspond to the iodine 
value; there may be partial or complete absorption, (?r none at all. The 
behaviour of linolic acid and its triglyceride is the mos’l interesting, the 
thiocyanogen radicle being only absorbed at one double bond. Hence, 
by determining the iodide value and the thiocyanogen value of an oil it is 
possible to obtain, from the difference between the two valr.es, the amounts 
of the respective un'saturated constituents present. Details of the procedure 
are to be published. Cf. Analyst, 1926, 51, 157 ; 1925, 50, 634. 

The ReiAert Process and its Modifications 

After Hehner and Angell had shown that the great difference between 
butter fat and all other fats was thc^^ comparatively large amount of butyric 
acid which was contained in the fdrmer, they endeavoured to determine the 



CHEMICAL TESTS 


H5 


amount by a distillation method, but they were unable to obtain concordant 
results and they finally gave up the method in favour of the determination 
of the soluble and insoluble acids. {Butter and iU Adulteration^ 1879), 
This method is given here as described by the American A.O.A.C., it is 
not, however, used now to any great extent having been superseded by 
more modem methods. 

Determination of Soluble and Insoluble Acids (Hehner) after A.O.A.C, : 

(a) Soluble Acids, — Evaporate the neutralised liquid obtained from the 
saponification value (page 1 1^) to dryness on the water-bath. Add such an 
amount of N/a hydrochloric acid that its volume plus the amount used in 



Fig. 3.- -Reichert Apparatus 

[}>y prrmiiston oj'h'atni 'J'utiocl' {London) Ltd, 


titrating for the saponification number will be i c.c. in excess of the amount 
required to neutralise the 50 c.c. of the alcoholic potassium hydroxide 
solution added, and place on the steam-bath until the separated fatty acids 
form a clear layer on itie upper surface of the liquid. Fill to the neck with 
hot water and cool in ice water until the cake of fatty acids is thoroughly 
hardened. Four the liquid contents of the flash through a filter into a litre 
flask. Fill the flask again «wilh hot water, set on t;jie steam-bath until the 
fatty acids collect at the surface, cool by immersing ^n ice water, and again 
filter the liquid into the litre flask. Repeat this treatment with hot water 
three times, cooliiig and collecting the washings in the litre flask after each 
treatment. Titrate the combined washings with N/io alkali, using phenol- 
phthalein as an indicator. Subtract 5 (corresponding to the excess of i c.c. 
of N/2 acid) frop the number of c.c. of N/io alkali used, and multiply by 
0'0088 to obtain the weight of soluble acids as butyric acid. ' Calculate the 
percentage of soluble acids. 

(6) Insoluble Acids, — Allow the flask containing the cake of insoluble 
fatty acids from the previous determination and tlA^ paper through which 
the soluble fatty acids have been filtered to drain and dry for 12 hours. 
Transfer the cake, together with as much of the fatty acids as can be removed 
from the filter-paper, to a weighed, wid«!-mouthed beaker flask. Then place 
the funnel, containing the filter, in the n&k of the flask and wash the paper 
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thoroughly with hot absolute alcohol. Remove the funnel, evaporate off the 
alcohol, dry for 2 hours at 100® C., cool in a desiccator and weigh. Again dry for 
2 hours, cool and weigh. If there is any considerable decrease in weight, re-heat 
for 2 hours and weigh again. Calculate the percentage of insoluble fatty acids. 

TAe Original Reichert Process , — The experiments of Hehner and Angell 
were continued by Reichert {Zeit. Anal, Chem., 1879, 18, 68), who proposed 
a distillation method using 2-5 grms. of fat and saponifying the fat with 
alcoholic potash. The actual method is as follows: 

2*5 grms. of the filtered fat are weighed iq/o a small flask fitted with a 
cork, through which passes a short piece of glass tubing, and saponified by 
adding 5 c.c. of pure alcohol and 6 c.c. of a concentrated aqueous solution 
of potassium hydroxide (free from carbonate), and heating on the water- 
bath for a short time. After expelling all traces of alcohol, the dry soap is 
dissolved in 70 c.c. of boiling water, and the fatty acids liberated by adding 
5 c.c. of sulphuric acid of the right strength to neutralise the alkali. The 
liquid is then gently distilled * until exactly 50 c.c. have passed over. This 
distillate is filtered, the filter washed with boiling water, and the filtrate and 
washings titrated with deci normal solution of potassium or barium hydroxide. 
The number of c.c. required is the Reichert value. 

The following table due to Allen (Cor^mercial Organic Analysis) gives 
the results obtained by this method on a number of fats. 

Table XXXIX.— Results from Reichert Process 


Substance. 

Kei chert. 

• 

2 5 grains 

Milk Fats — 


Cow’s butter 

I2-5-I5-2 

Ewe’s butter 

137 

Goat’s butter 

13-6 

Porpoise’s butter 

II-3 

Animal and Vegetable Oils and Fats — 


Coconut oil t 

3 - 5-37 

Palrn-kerncl oil 

2*4 

Palm oil 

.0-8 

Cacao butter 

1*6 

Margarine and oleomargarine . 

0-2-I-6 

Whale oil 

37-I2-5 

Porpoise oi^ 

11-12 

Sperm oil* 

1*3 

Bottle-nose oil 

1*4 

Menhaden oil 

1-2 • 

Cod-liver oil 


Sesame oil 

2*2 

Cotton -seed oil 

0*3 • 

Castor oil 

1*4 


* To avoid bumping, |iiiiinv..e-stone with platinum wire coiled round should be 
placed in the distilling vessel. 

t By adding more water and continuing the distillation, a large amount of 
solid fatty acid, mostly insoluble in wat#r (chiefly lauric acid), can be distilled over 
.in the case of coconut oil. 
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The Modifications of Meissl and Wollny . — Meissl (Dingler^s polyU J,^ 
233, 229) modified the test by using 5 grms. of fat, distilling 1 10 c.c., filtering 
and titrating. The method was examined at length by Wollny {Analyst^ 
1887, 12, 203, 23s; 1888, 13, 8, 38) who found that errors might creep into 
the process due to: 

S i) Absorption of carbon dioxide during the process. 

2) Formation of esters during saponification. 

(3) Formation of esters (jUiring distillation. 

(4) Cohesion of the fatty acids during distillation. 

(5) Variations in the size and shape of the distillation apparatus and in 
the time of distillation. 

The modified method of Wollny (sometimes called the Reichert-Wollny 
method but,* as the other methods have entirely fallen into disuse, the 
shorter term Reichert method adopted in this book would seem to have 
advantages) was adopted by the Joint Committee of the Government Labora- 
tory and the Society of Public Analysts and described by them as follows: 

Five grms. of liquefied fat are introduced into a 300 c.c. flask, of the form 
shown (length of neck 7 to 8 centimetres, width of neck 2 centimetres). 
Two c.c. of a caustic soda solution, prepared by dissolving 98 per cent, 
sodium hydrate in an equal weight of w^ater — protected from the action of 
atmospheric carbonic acid — and 10 c.c. of (about 92 per cent.) alcohol are 
added, and the mi\turc is heated for fifteen minutes under a reflux condenser, 
connected with the flask by a T-pieje, in a bath containing boiling water. 
The alcohol is evaporated off by heating the flask on the water-bath for 
about half an hour, or until the soap is dry. One hundred c.c. of hot water 
which have been kept boiling for at least ten minutes (to drive out all dis- 
solved carbonic acid, the retention of which would vitiate the result) are 
added, and the flask is heated until the soap is dissolved. Forty c.c. of 
normal sulphuric acid and three or four fragments of pumice or broken 
pipe-stems are added, and the flask is at once connected with a condenser 
by means of a glass tube 7 millimetres w^ide, and 15 centimetres from the 
top of the cork to the bend. At a distance of 5 centimetres above the cork 
is a bulb 5 centimetres in diameter. The flask is supj)orted on a circular 
piece of asbestos 12 centimetres in diameter, having a hole in the centre, 

5 centimetres in diameter, and is first heated by a \ery small flame, to 
fuse the insoluble fi^ty acids, but the heat must not be so great as to 
cause the liquid to boil; when fusion is complete, the heat is increased,* 

1 10 c.c. are distilled off into a graduated flask, the distillation lasting 
about 30 minutes (from 28 to 32 minutes)? The distillate is shaken, 
TOO c.c. are filtered in a flUsk, 0-5 c.c. of phenolpKthalein solution (i grm. 
in 100 c.c. alcohol) is added, and the filtrate titrate^\ with decinormal soda 
or baryta solution. Jn precisely the same manner (with the same reagents), 
a blank test should be made, and the amount of decinormal alkali required 
to neutralise the distillate ascertained. This should not exceed 0*3 c.c. 
The volume of decinormal solution of alkali used, less the figure obtained in 
the blank experiment, is multiplied by i*i. The number sp found is the 
Reichert-Wollny value. 

Further modifications which have been suggested will be dealt with 
under the Polenske process as the type of still used b^^ Polenske is now gener- 
ally used in the Reichert process, the values obtained by the two methods 
(for the Reichert process not for the Polenske process) being practically 

♦ The heating of the asbestos plate itscif sh(mld be guarded against, as serious 
errors arise if the asbestos should become ovpyrheated. 
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identical. The use of 4 c.c. only of glycerol has been recommended by 
H. Kreis {Analyst^ 36, 542), but such a small quantity is not easily 
manipulated. 





Fig 4. — i’olcuskc Apparatus 

ferinisswn of Mr J. A. L. Sutciijffc 

The Polenske Process . — The method of Reichert depends upon the 
determination of the soluble volatile acids, that of I^olenske on the deter- 
mination of the insoluble volatile acids. The idea seems to have bceh first 
considered by Salkowski {ZeiP . /. Analy. Chcm.y 1887, 26, 581) but was worked 
out independently by Muntz and Coudon {Atfalysf, 1905, 30, 155) and 
by Polenske [Analyst, 29, 154). The latter has been the method 

preferred in this country; it is carried out as follows, (Revis and Bolton, 
Analyst, 1911, 36, 335) : 

Five grins, of the fat and 20 grms. of glycerol are weighed with a 300 c.c. 
flask, and 2 c.c. of 50 per cent, sodium hydroxide solution added. The 
flask is heated over a flame with constant shaking till it vicars suddenly, 
the soap is then cooled and 100 c.c. of recently well-boiled distilled water 
is added, until solution. of the soap is effected. o*i grm. of powdered pumice 
sieved through butter muslin is added, and then 40 c.c. of sulphuric acid 
solution (20 to 25 c.c. cl* strong sulphuric acid diluted to 1000 c.c. and the 
solution adjusted so that 35 c.c. neutralise 2 c.c. of the sodium hydroxide 
solution). The flask is at once connected with the condenser, and heated 
with a small flame till the insoluble ibids are completely melted; the flame 
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is then increased, and no cx. distilled in nineteen to twenty-one minutes. 
The temperature of the condenser water should be from 18° to 20® C., and 
the dimensions of the apparatus are to be the same as given by Polenske. 
When no cx. have distilled, the flame is removed, and a 25 c.c. cylinder 
placed under the condenser to catch any drops. The no c.c. flask and 
contents are stood in water at 10° to 15® C. for fifteen minutes. After mixing 
the contents of the no c.c. flask, they are filtered and 100 c.c. titrated with 
N/io baryta, using 0*5 c.c. of a i per cent, solution of phenolphthalein as 
indicator. This number ofyc.c. increased by one-tenth, after subtraction 
of the blank (which must be determined in an exactly similar way, by using 
all the reagents except the fat), is the Reichert-Meissl value. The condenser, 
cylinder, and no c.c. receiver, are washed with 18 c.c. of cold water, which 
are then poured over the filter used to filter the distillate, and rejected. 
The condenser is washed out with four successive portions of 10 c.c. of 
neutral alcohol, which are received in the cylinder and poured over the filter 
into the no c.c. flask, the mixed alcohol solutions being then titrated with 
N/io baryta using phenolphthalein as an indicator. A blank value is obtained 
in a similar way. The number of c.c. of N/io baryta used, less the number 
used for the blank, is the Polenske figure. 

When carrying out this process, which may be described as the Reichert- 
Polenske process and which is tlie method now almost universally employed, 
it is most necessary that the exact conditions be complied with. Richmond 
and Hall 1920, 39, 80T) have shown that, although a slight differ- 

ence in the temperature of the distill|te is not of serious moment, it is most 
necessary to adhere strictly to the iinip of distillation in those cases where 
material quantities of coconut oil are present. 'Fhe quantity and size of 
the pumice is also of serious moment and Boltgn, Richmond and Revis 
{Analyst, 1912, 37, 185) have shown that the position of the hole in the side 
of the still-head is of importance; it should not be more than about i cm. 
from the lower end of the stopper. 

The effect of pressure u})on the determination has been studied by V. H, 
Kirkham {Analyst, 1920, 45, 293), who state.s that while the Reichert value 
is a logarithmic function of the pressure, and the errors introduced by ordinary 
variations in the atmospheric pressure are quite small, the Polenske value is 
a function of the pressure and quite serious errors are likely to be introduced. 
The following figures were found : 

Table XL.— Comparison of Reichert and Polenske Values 

' (Kirktiam) 




Pressure. 

* Rcichcrt-Mcjbbl 

^ J'oleiibke 

i 

mm. 

• 

• 

Found. 

CalculaUd. 

V 

I'ourid. 

Crilciilritcd. 

100 . 

22-34 

22-58 

0-iq 

0-19 

180 

24-43 

24-19 

0-48 

0-48 

250 *. 

25-57 

25-10 

075 

073 

380 .. . 

26-93 

2623 

1-14 

II9 

450 •• • 

27-13 

26-69 

i-6i 

1-44 

627 . 

27*60 

27-60 

2 -#6 

2*07 

760 . 

27-99 

28*12 1 

2-68 

2-55 

qoo . . . i 

28-17 

28-60 



1000 ... 

28*05 

JZ8-87 ' 

3-40 

3*40 
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Kirkham suggests that where the barometric pressure differs seriously 
from the normal the following correction be applied : 

/>-K 

where p is the pressure at which Polenske value is V, p is the pressure at 
which Polenske value is v and K is a constant, or pressure at which the 
Polenske value is o, in this case 45. Such a correction will only become 
serious in those cases w^here w^ork is carried qtit at a barometric pressure 
differing considerably from 760 mm. Earlier investigations on the Polenske 
process and its modification which have now been replaced by the process 
described above have been made by A. W. Thorp {Analyst ^ 1906, 3 1, I 73 )> 
Rideal and Harrison {Analyst, 1906, 31, 254), F. W. Harris {Analyst, 1906, 
31, 353), Tatlock and Thomson {J.S.C.L, 1909, 28, 69), W. Arnold {Analyst^ 
1912, 37, 256), Barthel and Sonden {Analyst, 1914, 39* 254). A modification 
by Cassal and Gcrrans {Analyst, 1910, 35, 519) is discussed under coconut 
oil on page 335. 

W. Arnold {J.S.C.L, 1922, 41, 181A) has carried out experiments with 
pure acids with the idea of finding which of them contribute materially to 
the Polenske value. He found that butyric and caproic yield only soluble 
acids, caprylic and capric acids give both Reichert and Polenske figures, 
whilst lauric and the liigher acids give only I’olenske figures. Of the insoluble 
acids capric and lauric acids are easily volatile, palmitic and stearic acids 
volatile with difficulty, myristic acid stan^lkig midway between the two groups. 

Several workers have studied the relationship which exists between 
the Reichert and the Polenske values in the case of butter fat. This question 
is discussed on page 335. • 

The Polenske values of the fats usually lie well under i-o even in the case 
of rancid fats which frequently give abnormally liigh Reichert values (cf. 
J. E. Sr»uthcombe, J.S.C.L, 1909, 28, 499). Thus the following results 
were obtained by fdsdon {Y.B.P., 1913, 575) : 

TABLii: XLI. — Polenske Values (Elsdon) 


Oil 

; AtJcLly 

1 "u KUH. ; 

RtMcliert 

r 

1 ’ulcnske. 

Cotton -seed . . ^ 

4-04 

IT-I 

0*6 

Menhaden . . 

• i 5*04 


0-9 

Cod-liver . / 

1 *02 

4-6 

0-6 

Brusnier . ” . 

2^3 

8-2 

• 0-6 

• 

The oil of so3^^-bean miso 

{J.S.C.I., 1924 

, 43, 564B), a Japanese food 


prepared by the fermentation of soya-beans, had Reichert)^ value 3*6“7*5 
with a saponification -value of 21 1-235. 

A large number of- the high Reichert figures given in literature were 
obtained with rancid oils and so are valueless for use in the examination of 
normal oils. Such figures, where any doubt occurs, have been ignored 
in the following table which contains the average figures generally accepted. 
It may be necessary to extend this list farther as new oils are discovered or old 
oils are reinvestigated. ^ 
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Table XLII.— Average Figures 


Fat. 

Reichert. 

Polenske. 

Kirschner, 

Saponifica- 
tion Value. 

** Myrtle seed 

Q 

, , 


200 

Croton 

13 

I '2 


212 

Butter 

28 

2*7 

24 

22S 

Spindle-tree . . . . % . 

35 


230 

® Dolphin, body .... 

35 

. . 


225 

* „ jaw .... 

112 

.. 


280 

Porpoise, body .... 

60 

.. 


240 

” jaw 

Macassar Ml .... 

130 

9 



260 

220 

Muriti 

5 

. . 


246 

Mocaya 

7 

12 


245 

^ Areca nut 

42 



230 

Maripa 

5 



260 

Palm-kernel 

5*5 

5‘5 

1*0 

250 

Coconut 

. 7 

17 

1*9 

255 

Tonka 



257 

® Akebi seed 




246 

® Mapia sTied 

1 

! 

O'S 

26-7 

237 

^ Cheyi seed 



1 

251 

® Curua palm 

1 6-3 

15-6 

1 

1 

260 

® Balanites tceghemi . 

1 6-0 


1 

188 

® Saccoglottis gabonensis . 1 

1 .S-.S 

»! 

1 . . 

1 

’ Melia azadirachta . . . i 

8-3 

0-3 i 

1 H'O 

186 

’ Schleichera trijuga . . . | 

i6*o 

0*3 1 

14-5 

227 

® Trichilia suhcordLta 

3*3 

1 


201 

® Manihot glazcovii . 

J07 

1 1 


^93 

Pentaclethra macrophylla . 

6-5 

0‘5 1 


1 82 

Coyol palm 

5'0 

1 

1 


246 

Onigurumi seed. 

4-9 , 

1 


188 

Lindera obstiroba 

2-() 

9 ’9 1 


264 

Mafura fat 

3.2 

27 1 


204 

Elm seed . . . 

3-8 



277 

Hakuunboku 

if) *4 

1 


182 

Magnolia fruit .... 

47 

1 


224 

Dika .... 


5 ^ 1 


242 

“oOchoco . . . . T . 


40 1 


239 


^ Analyst y 1909, 34, 64. Extracted \\ith pcti oleum ether. Nut 
extracted with 6‘ther had R-o*2. - J . S . C . I.y 19 ih, 35, 1091. “ Analyst , 

1922, 47, 282. ^ y.S.C.I., 1913, 32, 496. Analyst , 1921, 46, 50. 

^ y.S.C.I., 1911, 30, 497. ^ Anaiyst , 1915, 40, 3. ^ J.S.C.L, 1913, 32, 
433, 612. • y.S.CJ., 1914, 33, 147, 322. y.S.CJ., ;914, 33, 1098. 

y.s.cj., 1915, 34, 1061. y.s.c.i , 1916, 35, 262. 

1921, 40, 856A. y.S.C.1., 1922, 41, 2iA. Analyst , 1912, 37, 201. 

y.S.CJ., 1916, 35, 1091. " J.i'.C’./., 1916^^ 35, 1092. Analyst , 

1907, 32, 366. “ Analyst , 1912, 37, 349. ^'‘' Analyst , 1908, 33, 313. 
y.S.C.I., 1890, 9, 331. (Cf. also y.S.C. I., igiO , 35, 1092, 261; 1919, 

38, 426A; 1911, 30, 140; 1920, 3jp, 346A; 1923, 42, 276A. Analyst , 

1908, 33, 423, 184, 189; 1909, 34, 10;, 1914, 39, 134; 1921, 46, 325.) 
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The Reichert value of fats may he increased artificially by the addition 
of such substances as triacetin and tributyrin. These may be detected by 
extracting the fat with 70 per cent, alcohol, when the extracted fat will have 
a lower Reichert value than the original fat in cases where artificial esters 
are present {Analyst^ 1909, 34, 50). 

The presence of preservatives such as benzoic acid, etc., will tend to 
increase the Reichert value. E. Bemelmans {Analyst, 1907, 32, 218) states 
that benzoic acid has a comparatively greater effect than salicylic acid. 
C. Grimaldi {Analyst, 1908, 33, 397; 1913, 38,^68) states that the effect of 
salicylic acid may be disregarded, whilst that of benzoic is usually quite 
small. In cases where any doubt arises, and the presence of benzoic acid 
has been discovered, it may be removed by shaking the molten fat with 
successive quantities of very dilute sodium carbonate solution before the 
Reichert figure is determined. • 

The melting-point of the insoluble acids obtained in the Reichert-Polenske 
process has been studied by various workers. It was first seriously suggested 
by Blichfeldl {J.S.C.L, 1919, 38, 150T) and the work has been extended by 
Stokoe {J.S.CJ., 1921, 40, 57T) as a means of distinguishing between 
coconut and palm-kernel oils, and by Gilmour {Analyst, 1921, 46, 183) as 
a method for the analysis of butter with the object of detecting adulteration. 
Some of the results of Stokoe are given under butter fal on page 337 ; Gilmour 
found that the melting-points of the Polenskc acids from pure butter fats 
lie between 15*8" and 25*6*^. “ Butter with high total and insoluBle volatile 

figures usually have low mclting-poigts above 15*8'^, but if the total 
volatile figure falls below 28*^, then the melting-point should be above 
20*0 . 

Combined Esterification^ and Distillation Methods,— Vo\ and Wanklyn 
{Analyst, 1884, 9, 73) suggested a metliod for the examination of butter, 
based upon the formation of butyric ester during “ restricted saponifica- 
tion. This idea has been utilised by llanus {Analyst, 1907, 32, 89; 1908, 
33, 281; 1911, 36, ro6) and by Fcndlcr {Analyst, 1910, 35, 355). These 
methods at present show no advantage over the Reichert-Polenske methods 
generally adopted — they are described below, however, as they make use of 
principles which may be of value in other dirf:clions. 

(tf) The llanus Ester Method. — This method is carried out as follows: 
Fivegrms.of the melted fat arc placed in a flask and heated for fifteen minutes 
in an oven at 50"^ ; exactly 30 c.c. of N/io alcoholic j')otassiiim hydroxide 
solution are then added from a burette, and the mixture is thoroughly shaken 
until perfectly clear, usually about two minuies. After keeping the contents 
of the flask at a temperature of^5o“ for a further eight minutes, 2 c.c. of dilute 
sulphuric acid are added, ^le acid being of such concentration that the 2 c.c. 
will exactly neutralise ^c 30 c.c. of potassium hydroxide solution. The 
contents of the flask arc now diluted to a volume of 145 c.c. with water, a 
few pieces of pumice arc added, and the mixture is distilled. The first 
30 c.c. of alcoholic distillate which comes over is collected in a graduated 
cylinder, the next 100 c.c. of distillate being received separately in a 100 c.c. 
flask. The whole distillation must not take longer than forty-five minutes. 
Both fractions of the. distillate are now transferred to two flasks; alcohol 
is added to the aqueous distillate until a clear solution is obtained, the free 
acidity of both portions is neutralised, and they are then boiled with an excess 
of N/io alcoholic potaslium hydroxide solution. On titrating back the 
excess of alkali, the number of c.c. of N/io alkali required for the saponifica- 
tion of the esters from 5 grms. of the fat is obtained. The following results 
obtained by the method are recorder 
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Table XLIII. — Results of Hanus Ester Method 


Kind of Fat. 


Butter, No. I 

„ No. 2 

„ No. 3 

Crude cocoi^ut oil 

Coconut oil, Cochin 

„ ,, Ceres, No. i 

n n „ No. 2 

>» »» >) No. 3 

Butter, No. 2, plus 5 per cent, coconut oil 

j» >> i» i» >> >» 

Lard . . . 

,, plus 7 per cent, coconut oil . 


c.c. N/io Alkali required for 
Saponification of the Esters. 

Alcoholic Portion. 

Aqueous Portion. 

24*60 

9*05 

25-80 

8-05 

26*20 

9-40 

10-65 

41-45 

17*20 

40*10 

13-80 

42-80 

; 11-05 

43-90 

i 13*60 

38-20 

26*00 

11-20 

i 25-80 

14-90 

1 o-6o 

1-60 

1 2*00 

4-50 


Ihe amount of alkali, expressed m c.c. of N/10 solution, is termed the 
“ ethyl ester value ” of the fat. In t!ie case of butter, this value lies between 
7 and 14; for coconut oil it is upwards of 40, whilst for all other commonly 
occurring fats it is less than 3. Owing to the variations of the value in the 
case of pure butters, a less quantity than 15 per cent, of coconut oil cannot 
be detected with certainty in butter. (Cf. J. Lukas, jf.S.C.Ly 1925, 44* 
B929.) 

b. The Fendler Method . — This method {Analyst, 1910, 35, 355) is founded 
on that of Henriques {Analyst, 1898, 23, 18 1); it is carried out as follows: 

Eighty-five grms. of the molten fat arc mixed, in the case of butter with 
40 c.c., or of lard with 60 c.c., of petroleum ether, and for butter 70 c.c., 
or lard 60 c.c., of N ji alcoholic potassium hydroxide solution are added ; 
the mixture is shaken for about two minutes and then allowed to stand over- 
night. One hundred c.c. of 99 per cent, alcohol are now added, the mixture 
is transferred to a sepifrating funnel, 200 c.c. of water arc added, and the whole 
is mixed, but must not be shaken violently. The turbid aqueous layer is 
then run off, and the petroleum spirit layer, -^hich is also turbid, is gently 
shaken with 45 c.c. of 99 per cent, alcohol and 55 jg.c. of water; the aqueous 
layer is again drawn off, and the petroleum ether layer is then shaken violently 
with 45 c.c. of 99 percent, alcohol and 55 c.c. of watiV. The petroleum ether 
now separates as a clear layer, which is drawn off and cvaf)orated on the water- 
bath. The residue of esters thus obtained is then submitted to distillation; 
for this purpose 50 grms. of the ester.s are introduced into a distillation- 
flask, the bulb*of which has a capacity of no c.c.; the neck of the flask is 
i6 mm. in diameter, and the side-tube, which has a diameter of 5 mm., is 
fitted on the neck at a height of 9 cm. from the buJb. After the addition 
of I c.c. of ether and a small quantity of powdered pumice-stone, the con- 
tents of the flask are heated by means of a burneiSo placed that the flame 
does not touch the gauze on which the flask rests. A thermometer is fitted 
in the neck of the flask in such a manner that the upper part of the bulb is 
level with the lower edge of the side- tube of the flask. At first ether and 
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traces of water distil over, and when the temperature rises to 190®, Ae 
distillate is collected in a tube graduated in tenths of a c.c. The distillation 
of the ester commences at 230° to 240®, and when the temperature rises to 
between 299® and 300° the flame is removed from under the flask, the tem- 
perature is allowed to sink to about 270®, and once more raised to 300®. 
The volume of the distillate is now observed. In the case of pure butters 
it varies from 2*5 to 6-i ; for coconut oil it lies between 40*0 and 42*0, and 
for lard between 0-5 and i*i c.c. 

It has been shown by A. Hepner (J.S.C.I., 1911, 30, 974) that cows 
fed on beetroot leaves yield butter giving an abnormally high value by this 
method. (Cf. Polcnske, 1912, 31, 147.) 


The Kirschner Method 


This method {Analyst ^ 1905 » 30, 205) depends upon the solubility of 
silver butyrate in dilute silver nitrate solutions, whilst the silver salts of the 
higher fatty acids are practically insoluble. Revis and Bolton (Analyst^ 
1911, 36, 333), who were instrumental in introducing the process into this 
country, proceed as follows: 

To the 100 c.c. of the no c.c. distilled "and titrated with baryta in the 
Rcichert-Polcnskc process (care having been taken not to exceed the neutral 
point) is added 0*5 grm. of finely powdered silver sulphate, and^he whole 
allowed to stand for an hour, with occasional shaking. The liquid is then 
filtered, 100 c.c. measured off, 35 c.c. oT water and 10 c.c. of sulphuric acid 
(as previously employed) added, together with a long piece of aluminium 
wire, and no c.c. again distilled off in the standard Reichert-Polenske 
apparatus in twenty minuses; 100 c.c. are titrated, and the number of c.c. 
so obtained corrected for the blank is calculated to the Kirschner value by 
the follov/ing formula ; 


K X 


T2I (100 4 V)^ 
10,000 * 


where a; -the corrected Kirschner titration; 

V - the number of c.c. of baryta used to neutralise 100 c.c. of the 
Reichcrt-Meissl distillate. 


The figure obtained is practically a measure of tne nutyric acid present 
and is almost solely used in the determination of butter fat in margarine 
and other mixtures. The relationship of this figure to the Reichert and 
Polenske figures is discussid under butter on page*389. 

A similar method ^v^ich is not so useful is that described by Jensen 
{Analyst, 1905, 30, 398)fis the “ Caprylic acid value.” The method depends 
upon the fact that caprylic acid, when mixed with myrisfle, palmitic and 
oleic acids is practically insoluble in water, whilst being volatile in steam. 
R. K. Dons {Analyst, 1907, 32, 383; 1908, 33, 122) carries out the process 
as follows : •• 

Five grms. of the fat are saponified in the usual way; the soap is dissolved 
in 100 c.c. of hot water,- and decomposed by the addition of 50 c.c. of dilute 
sulphuric acid. The mature is placed aside until the fatty acids have 
solidified, and the clear aqueous portion is drawn off. The cake of fatty 
acids is now shaken twice with 150 c.c. of water at a temperature of 80® and 
the aqueous extracts arc removed. ^The insoluble fatty acids are then 
placed in a flask; 150 c.c. of water, 3^0 grms. of glycerol, 5 grms. of sodium 
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sulphate, and a few pieces of pumice-stone are added and the whole is dis- 
tilled until no c.c. of distillate have been collected. The addition of the 
glycerol and sodium sulphate makes the ponditions of the distillation the 
same as in the ordinary Reichert-Meissl distillation. The distillate is filtered, 
100 c.c. of the filtrate are neutralised as usual, and the caprylic acid value 
of the neutral solution is estimated by precipitating the fatty acids in the 
neutralised Reichert-Meissl distillate with N/io silver nitrate solution and 
calculating the volume of silver used into c.c. of N/io caprylic acid per 5 
grms. of the fat. A correction is applied for the solubility of the silver salt 
in the volume of solution, and wash water used — namely, 0-4 c.c. — which 
is added to the value obtained. Under these conditions pure butter fat 
gives a value of from i *6 to 2*0 ; butter fat mixed with 10 per cent, of coconut 
oil 2*6 to 3-0; and pure coconut oil 5*3. 

A similaf method has been suggested by Wijsman and Rcijst {Analyst^ 

1906, 31, 158), which has been discussed, somewhat unfavourably, by 
F. Jean {Analyst^ i()o6, 31, 260), Morgcnstcrn and Wolbring {Analyst^ 

1907, 32, 1 18) and C. Barthel {Analyst^ 1908, 33, 236). 

The Modified Method of Monhaupt. — ^ 1 . Monhaupt (Analyst^ 1909, 34, 
212) has suggested a modified method for the Reichert-Kirschner value, 
which appears to have points of value particularly for the detection of very 
small quantities of butter fat. The method is carried out as follows : 

Five grms. of the sample are saponified as usual with sodium hydroxide 
in glycerol^ solution, and the soap is dissolved in 90 c.c. of water; 50 c.c. 
of dilute sulphuric acid are added,, and the mixture is heated for some time 
until the liberated fatty acids form a clear layer. After cooling, the aqueous 
portion is passed through a dry filter, and the clear filtrate is distilled, a little 
pumice-stone being added to the flask, until no 9.C. of distillate have been 
collected. This distillate is filtered, and 100 c.c. of the filtrate are titrated 
with N/io alkali solution as usual. The number of c.c. of the alkali required 
multiplied by I’l gives the ** new Reichert-Meissl value of the fat. The 
neutralised distillate is then treated with silver sulphate, etc., as described 
by Kirschncr {loc. citf. The result obtained is termed the “ new Kirschner 
value. The influence of from i to 2 per cent, of butter fat in a margarine 
containing from 15 to 35 per cent, of coconut oil is seen from the following 
results (cf. Gilmour, Analyst^ 1925, 50, 272) : 


Table XJ« 1 V. — 'Fable oe New Kirschner Values 


Percentage of 
Coconut Oil. 

Percentage ol 
^gutter Fat. 

New Pcic^icit- 
Meissl Value. 

New Kirst liner 

Value. 

IS . 

0 

0*50 

% 0*24 

m 

1 

072 

0*39 


2 

0-99 

1 

0-62 

.25 

0 

i 0-88 

0-30 


I 

1 0-99 

• 0 -S 5 


2 

j I- 2 I 

0*69 

35 

° 1 

1*10 1 

0-36 


1 * 

1-32 1 

i 0-63 


2 

1-50 

• 

o*8i 
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TAc Mt^fied Method of Blichfeldt—TYiis process {J,S.C,L, 1910, 2% 
792) is similar to the Kirschner process in principle, but it has the disadva- 
tage of requiring a special form of apparatus. It has, however, been largely 
used in margarine works in this country and a large number of results have 
been obtained by its means, so that a description must be given here although 
it has not come into general use, neither does it offer any advantages over 

the Polenske method. The modified process 
is described by Blichfeldt 1919, 38, 

150T) in the following way ; — 

Special solutions required ; 

(a) Caustic potash, made by dissolving 
potassium hydroxide in an equal weight of 
distilled water. • 

{h) Sulphuric acid containing I2i grms. of 
concentrated acid per litre. 

(r) Iron alum indicator, made by adding to 
a saturated solution of iron alum half its volume 
of nitric acid (one part of concentrated acid to 
three parts of distilled water). 

20 grms. of the filtered fat is weighed 
accurately into a 300 c.c. resistance conical 
flask, and 8 c.c. of potash solution«(fl) 25 c.c. 
of glycerol, and a few small pieces of broken 
porous tilt *arc introduced. The mixture is 
cautiously heated over a naked flame, with 
constant shaking until saponification sets in, 
care being taken to avoid overheating. 

The product, which should be straw-yellow 
in colour, is cooled and is then made up to 200 
c.c. with distilled water which has been boiled 
for some time to free it from carbon dioxide. 

50 c.c. of this soap solution, corresponding 
to 5 grms. of the original fat, is measured into 
a 300 c.c. resistance conical flask, 100 c.c. of 
Fig. 5. — Bliclifcldt Apparatus sulphuric acid solution (/;) added, and o*i grm. 

I From the Journal or ihc Society of puiuice pOwdcr siftcd illtO it thfOUgh buttCr 
ofLhenncallnoustiy mUsIin. ^ 

The flask is now connected to tjie apparatus, and the requisite quantity, 
indicated by the mark between the two bulbs, is distilled over in about twenty 
minutes. As soon as the distillation is finished, tin# flask and condenser jacket 
are removed, and the side tube is closed by a cork. 0-5 c.c. of a 1 per cent, 
phenolphthalein solutio/t and a known excess of from 5^ to 10 c.c. of N/io 
sodium hydroxide solution is now introduced through the% condenser tube, 
which is then closed with a cork. The volatile acids are completely dissolved 
in the hot alkali solution by shaking; at the beginning of the shaking operation, 
the cork is withdrawn once or twice to lower the pressurj^ inside. The 
resulting solution of sodium sails of the volatile acids is transferred to a 200 c.c. 
measuring flask, and the condenser tube is rinsed out several times with 
warm water into the flask. The volatile acids are then determined in the cool 
liquid by difference by tifrating the excess of alkali with N/io sulphuric acid 
solution, a deduction of 0*4 c.c. for a blank experiment being made. 

The insoluble silver salts are now precipitated from this neutral liquid 
by adding N/io silver nitrate solution\5 c.c. in excess of the number of c.c. 
of N/io sodium hydroxide requireS to neutralise the volatile acids), and 
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complete precipitation of the insoluble silver salts from the solution is effected 
by dissolving in it 20 grms. of pure sodium nitrate. The liquid is then made 
up to 200 c.c., repeatedly shaken for about five minutes, and 175 c.c. filtered 
into a measuring flask. The filtrate is transferred to a 300 c.c. conical flask, 
and, after adding 15 c.c. of the iron alum indicator (c), titrated with N/io 
potassium thiocyanate solution until a red colouration just appears. The 
number of c.c. of thiocyanate solution required xS/y, subtracted from the 
number of c.c. of silver nitrate solution used gives the equivalent of the soluble 
silver salts. 

The complete apparatus is obtainable from Messrs F. E. Becker & Co., 
Hatton Wall, London, E.C. The mark between the two bulbs indicates 
100 grms. of water at 65*^. It is advisable to test the accuracy of the mark 
by filling the bulb with 100 grms. of water and placing it in a water-bath 
at 65°. 

The following figures have been obtained by various workers using 
this method : 


Table XLV. — Results from Modified Blichfeldt Method 


Fat. 

Total 
Volatile 
• Acids 
liange. 

Total ; 
Volatile 
Acids. 
Average.' 

Insoluble 

Kaiige. 

* » 

s ■ 

5 n Soluble 

*0 0 i Range. 

Soluble 

Average. 

M Pt. 
Insoluble 
Volatile 
Acids. 

Coconut . 

I9-3-23-I 

21-0 

I6-3-I9-7 

1 8-0 1 2 -6-4*3 

3*0 

7-8-12 -s 

Palm- 
kernel . 

I2-6-I5-4 

■ 

13-5 1 

9-4-12-9 

' ii-o > 2-0“3-5 

2-5 

21*0-24-5 

Butter 

26-4-33-9 

• • 1 

32-0 : 

4-0-6-5 1 

4-0 ,22-2-27*5 

i ' 

28-0 


Oleo 

products 

; 

1 

0-4-0 *7 i 


1 

Coconut 
stearine . 

I0-3-20-5 ' 


9-5-19-0 ' 

0-6-2 -4 


26*4-32*0 


A simpler method has been suggested, by Elsdon {Analyst^ 1925, 50, 
61) which is carried Oift in the following way: 

35- c.c, of N/io AgNO;, are added to the neutralised Reichert distillate, 
the whole transferred to a 220 flask, diluted to the^mark with water and allowed 
to stand for one hour. A.^er this time 200 c.c. filtered ofiF and titrated 
with N/io ammonium thiocyanate with iron alum indicator, 'l o the number 
of c.c. used in the titration, one-tenth is added and |lso the value obtained 
in a blank experiment (usually about 0*2) and the value so obtained is then 
subtracted from the original 35 c.c. l'!)is figure is then subjected to a 
further correction of one-tenth, so that it may be compared directly with the 
Reichert value This final figure represents the amount of acids present 
whose silver salts are insoluble under the conditions obtained; the soluble 
figure is obtained by subtracting this from the Reicliert value. 

A large number of results obtained by this mediod are recorded in the 
above paper, but the figures are not as good as those obtained by the Kirschner 
process. The figures for small additions of butter fat are not quite so 
sensitive and, further, there are greater difi'erences between the observed 
and calculated figures than in the cas»* of those obtained by the Kirschner 
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process. (Cf. F. H. van der Laan, y.S.C.I., 1923, 42, 287A and M. Za»yer, 
ibid., 1925, 44, B897.) 


Alcohol Solubility (Quantitative) Methods 

The first serious attempt to base a method of separation on the solubility 
of oils in alcohol was that of Vandam {Analyst, 1901, 26, 320) whilst a 





similar method has bfcen suggested by L, Robin {Anelysty 1907, 33, 47 ; 
J.S.CJ., 1906, 25, 1055; 1907, 26, 720, 975; 1912, 31, 553). Another 
method on the same lines was suggested by Fendler {Analyst^ 1910, 35, 
35 S) who used the residue of insoluble acids left in the distillation flask 
on the completion of the Reichert-Polenske process. This method has 
been commented upon unfavourably by A. Hepner (Analyst, 1911, 36, 451) 
and E. Polenske (Analyst, 1912, 37, 93) whilst S. H. Trimen (Analyst, 1913, 
38, 246), though consid^;ring the process had possibilities, was not able to 
give any definite opinion as to its value. 

The Shrewsbury and Knapp Process, — ^A method based upon the same 
principles, but having a somewhat different technique, was described by 
Shrewsbury and Knapp (Analyst, 7910, 35, 385; 1912, 37, 3). Although 
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Ross, Race and Maudsley {Analyst^ 191 361 195) were able to obtain 
moderately good results by this method subsequent investigators were not 
able to confirm these. Revis and Bolton {Analyst^ 1911, 36, 334), S, H. 
Trimen {Analyst^ 1913* 38, 245), Elsdon and Bagshawe (Analyst, 1917, 
42, 72).* Revis and Bolton (loc, cit.) suggested an improved method, but 
this, in an extended trial by Elsdon and Bagshawe (loc, cit.), although giving 
better results, was finally given up as being unsatisfactory. Finally, the 



Fig. ^ {b ). — Slirewsbury and Knapjj ^Ictliod 


following method (Elsdon and Bagshawe, loc. ciU] 'yas worked out and found 
to be satisfactory : 

5*0 grms. of the^fat are weighed out into a 300 W.c. flat-bottomed flask 
(Reichert flask), and saponified by heating with 15 c.c. of glyeerol-soda 
over a naked flame until the liquid suddenly clears. (The glycerol-soda 
is made by mi.ving together 700 c.c. of glycerol and 200 c.c. of a solution of 
caustic soda made by dissolving i pound of “ pure by alcohol ” caustic soda 
in I litre of water). One hundred and forty-fi\e c,c. of boiling water 
(measured hot) are then carefully added drop by drop to avoid loss by 
spurting, and finally 10 c.c. of a 10 per cent, (by volL»|ne) solution of sulphuric 
acid, wdien the flask is corked and thoroughly shaken. I'lie contents of the 

♦ Cf. Cribb and Richards 36, 327); Macara [Aua/ysf, loii, ^6, 

341); Cranfield [Avaly^t, 1911, 36, 44O). ^ 
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flask are cooled by immersing the flask in cold water until the fatty adds 
have set to a compact cake; the liquid is then filtered. Twenty c,c. of 
boiling water are added to the fatty acids which are retained in the flask, 
the acids melted, and again cooled. The liquid is poured through the same 
filter as before, and the cake of fatty acids broken by shaking violently against 
the sides of the flask, and then transferred to the filter-paper by successive 
quantities of 20 c.c. and 10 c.c. of cold water. The filter-paper is allowed 
to drain and then removed from the funnel, it being supported in the rim of 



the filter stand. The^ask is inverted almost, but not quite, vertically over 
the filter-})aper, and the whole is allowed to drain overnight. In the morning 
the flawsk is heated in the water-oven for about five minutes, and a current of 
air is blown through, the filter-paper being then added and the drying con- 
tinued for a further ten minutes. One hundred c.c. of alcohol (industrial 
methylated spirit), sp. gr. 0-920 at 15*5°, are next added from a carefully 
graduated pipette, the, flask is corked, and the alcohol heated until the fatty 
acids have completely dissolved. The alcohol is then cooled below 15*5°, 
thoroughly shaken, and Allowed to stand in water at 15*5° for half an hour 
or until its temperature is exactly 15*5°. It is then filtered, and 50 c.c. of 
the filtrate titrated with N/io caustic soda after the addition of i c.c. of 0*2 
phenolphthalein solution. In the case of fats containing large quantities of 
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coconut oil the end*^point is rather vague^ and a little practice is necessary 
before it can be jud^d exactly. No water should be added. 

The process is, of course, valuable as a method of detecting the charac* 
teristic acids of coconut oil — lauric and myristic, which together form more 
than 6 o per cent, of the oil (Analyst^ 1913* 3^9 8 ) — instead of those which 
occur in much smaller quantities and which go to form the Polenske figure. 
There is also the valuable point that coconut oil and palm-kernel oil give 
practically identical figures by this method. 

The percentage of oil of the coconut group may be calculated from the 
result obtained by reference to the tables given below, from which a graph 
may be drawn if desired. 


Table XL VI. — Mixtures of Butter and Coconut Oil and Oleo and 

Coconut Oil 


ercentage of 
x)conut Oil. 

0. 

10. 

20. 

3 <^- 

40. 

50. 

60. 

70. 

80. 

90. 

100. 

ith butter . 
ith oleo 

12-0 

15-6 

i9'8 

24-7 

31-7 

41 0 

52-0 

65-8 

777 

91-0 

I 02 *C 

nargarine • 

6*2 

10-6 I 

14-4 

i8-6 

24-1 

• 

32-2 

! 39*9 

1 

| 49-9 

64-6 

CO 

00 

I 02 '( 


Table XLVII. — Mixtures of Butter, Oleo and Coconut Oil 


l\*icentagc of Butter Fat. 


Percentage of 
Coconut Oil. 

O'O. 


5 *<>- 

I O’O. 

20-0. 

0-0 

6*2 

6*2 

6*3 

6-6 

6-9 

5-0 

7*6 

7-6 

7-8 

8-0 

8-2 

10*0 

10-6 

10-6 

10-7 

10-8 

II-O 

20-0 j 

1 •14*4 

140 

14-3' 

14-8 

15-0 

40*0 1 

1 24-1 

24-2 

243 

! 247 

25-8 

60 -0 

39*9 

40*4 

40-8 

i 41-8 

42-5 

70-0 

49 

50-6 

S2-\ . 

i SS -3 

59-6 


The above mocjification of the Shrewsbury andl Knapp value has been 
combined with the Reichert-Polenske process by Elsdon (Analyst , 1917, 
42, 295). The results obtained are not quite so good as those obtained by 
the direct method, but the method has the advantages of convenience and 
of speed as it es quite possible to perform the combined Reichert-Polenske- 
Shrewsbury-Knapp process in from two hours to two hours and a half. 
The method used is as follows : 

The flask containing the residual fatty acids afte f the distillation of 1 10 c.c. 
in the Reichert-Polenske process is removed from the condenser, and the 
contents cooled in water until the acids have become a solid cake. The cake 
is broken and the liquid strained through a fine wire sieve, the flask and 
fatty acids being washed with 50 c.c., of cold water. The fatty acids are 
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allowed to drain on the sieve until practically free from water, when they are 
returned to the flask, the last portions being removed with a thin iron spatula ; 
no difficulty has been experienced in removing the last traces in this way. 
The flask and contents are then dried in the oven, air being blown through 
the flask at intervals. One hundred c.c. of alcohol (sp. gr. 0-9200 at 15-5° 
from industrial methylated spirit) are then added, and the process continued 
from this point exactly as is given above. 

The following results are obtained using the mixtures indicated, from 
which it will be possible to calculate the composition of other mixtures which 
are examined : 


Table XLVIII. — Mixtures of Coconut Oil with Bvtter 
AND WITH Margarine 

(Sp. Gr. of Alcohol 0-9200 at 15-5) 


r^ercentagd of 
Coconut Oil. 

0. 

10. 

20. 

1 

3^>- 

1 

1 4^>* 

1 

50. 

On. 

70. 

80. 

90. 

100 

Vith butter . 
Vith oleo- 

12*7 

14-5 

16-5 

' 20-6 

24-0 

30-4 


44-4 

58-3, 

76*5 

00 

so 

margarine . 

8-9 

10-6 

13-7 1 i6-9 I 

204S.| 

' 25'4 

3I-S 

' 41-8 

53-4 

! 73-2 1 

1 89-! 


The Avk-Lallement Value 

The method of E. Ave-Lallement (Afialysty 1907, 32, 382) is based upon 
that of Konig and Hart {Analyst y 1891, 16, 139). It depends upon the re- 
spective solubilities of the barium salts of the fatty acids. The process is 
best carried out in the manner suggested by Revis and Bolton ; 

Five grms. of the filtered fat are saponified with 50 c.c. of approximately 
N/2 alcoholic sodium hydroxide (carefully standardised against N/2 HCl), 
boiling for thirty minutes (see saponification value). While the solution is 
still warm, it is titrated with N/2 hydrochloric acid to phenolphthalein. 
The alcohol is then removed as completely as possible fty boiling and blowing 
air into the flask. The soap is dissolved in hot, recently boiled, disitilled 
water, and transferred to a 2<;o c.c. flask, brought to a temperature of 40°, 
and made up to the mark *rthat temperature. 100 c.c. are pipetted off into 
a flask, which is stood in a boiling water-bath for five minutes, and then 50 c.c. 
of approximately N/5 barium chloride solution (about 25 grms. of crystallised 
BaCl2*2H2o in 1000 c.c.) are added. The mixture is allowed to remain for 
fifteen minutes in the water-bath, to cause the insoluble barium salts to 
coalesce. The contents of the flask are cooled and filtered into a 250 c.c. 
flask, washing the insoluble soaps well, and making uj> to the nark. 200 c.c. 
are pipetted into a beaker, acidified with i c.c. of concentrated HCl, heated 
on a sand-bath nearly to boiling, and 10 c.c. of approximately N/i sulphuric 
acid then run in. 'Fhe J'caker is allowed to stand overnight, and the pre- 
cipitate filtered on a Chwch crucible, and washed till free from chlorides, 
and finally with two quantities of 10 c.c. of warm alcohol. It is then dried 
to constant weight. The weight of barium sulphate found is increased by 
25 per cent., and calculated to BaO yiaSO^ x 0*657 =barium oxide). This is 
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subtracted from the barium oxide value of the barium chloride solution 
(which must be standardised in an exactly similar way). The result is the 
barium oxide value of the acids forming insoluble salts from 2 grms. of fat, and 
this, calculated to 1 grm. of the fat = insoluble barium oxide value (^). The 
saponification value, also calculated to barium oxide (KOH x 1*367 —barium 
oxide) for i grm. of fat = total barium oxide value (a), and a— ^=soluble 
barium oxide value (c), from which is calculated the value of 6~(200+c). 

The great value suggested for this process is that the figure obtained 
for ft — (200 H-c) is always negative in the case of butter fat, whilst the addition 
of either coconut oil or oleo-margarine will produce a positive figure. The 
following results are given by Ave-Lallemcnt : 


Table XLIX.— Results of Avi'-Lallement Method 



K il. 
Value. 

Butter (fifty samples) — 

r 

Higl^st 

3^-3 

Lowest 

: 2.f6 

Average 

287* 

Coconut oil (three samples) — , 1 

Highest 

9-6 

Lowest 

0*0 

Lard (five samples) — ! 

Highest 


Lowest 


Sesam^ oil 


Cotton oil i 


Butter fat 10 per cent. lard . 

26-3 i 

Butter fat 10 per cent, coco- 

nut oil 

28*8 

Butter 10 per cent, coconut 


oil and 10 per cent, ^eef fat 

23*4 


1 Mgms. 

Barium Oxide lor i grm. of Fat. 

j Total. 

, [nsoluble. 

Soluble. 

Dillerence. 

i («)• 

(i.) 

(f). 

b - (200 -f c) . 

1 329*6 

254-8 

76-7 

-23-8 

1 300-9 

247-4 

50-8 

-07 

1 3107 

, 2507 

60-3 

- 9-6 

i 354- I 

' 299*2 

57-6 

45-1 

i 351-S 

296-5 

54*1 

38-9 

2677 

259-2 

10*4 

50-3 

265-0 

j 257-2 

7*6 

46-9 

255-2 

1 251-9 

3-3 

48*6 

263-5 

i 256-9 

6*6 

50-3 

1 306-7 

254-6 

52*1 

2-5 

318-2 ; 

259-2 

59*0 

0*2 

311-0 i 

257-2 

48*0 

3-4 


In some cases the difference figure in this L ^umn represents an extreme 
limit, and is not deduced from the analysis of one sample. 

Bolton and Revis (Allen, fifth edition, Vol. TI) give the following 
results, but greijtef difference values (up to— 24) t^ere given in the first 
edition of their Fatty Foods, It will be obvious that there is room for a 
considerable amount of lard in a butter having even a difference value of —13 
before suspicion would be aroused as to its authenticity by this test. 

It is not fof this reason, however, in a worse position than most of the 
other tests that have been suggested, whilst it should not be forgotten that 
coconut oil and animal fats, as well as vegetable oils in general, show 
differences in the same direction. The fact, however, cannot be over- 
looked that the process needs a large amount of attention, whilst it must 
be carried through with meticulous attention to detail as two or three 
milligrams of barium sulphate or o#i c.c in the titration make a serious 
difference to the value of ft-(2oo+c). • 
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Table L.— Results Obtained by Bolton and Revis 


Butter. 

Total 

Ba. 

Insol. 

Ba. 

Soluble 

Ba. 

Differ- 

ence. 

R.M. 

No. 

Polenske 

No. 

Kirschner 

No. 

Danish . . 

315-90 

252-95 

62-95 

— 10*00 

29-7 

2*7 

24*2 


308-59 

251-18 

57-41 

-6-23 

30-6 

2-7 

23-8 


310-38 

253-31 

57-07 

-3-76 

30*2 

1-9 

23-8 


314-38 

254-19 

60-19 

—6*00 

31-8 

2-9 

22-8 


312-03 

254-30 

57-73 

- 3*43 

30*1 

1*8 

21*4 


312-18 

252-98 

59*20 

“6*22 

30*4 

2-4 

21*4 


317-66 

256-04 

61-62 

-5-58 

31-8 

3-0" 

20*9 


316-19 

254-95 

61-24 

-6*29 

30*9 

2*9 



317-52 

255-90 

61*62 

“ 5*72 

29*1 

3*0 



312-78 

252*24 

60-54 

- 8*30 

31-4 

2-3 


English . . 

313-16 

253-18 

59-98 

— 6-8o 

30-1 

2-3 

24-6 


312-71 

252-98 

59*73 

- 6-75 

29*8 

2*4 

21*9 


312-04 

253*57 

58-47 

^ 4*90 

30*1 

2-5 

21*9 


314-38 

255*35 

59*03 

-3*68 ! 28-3 

2*1 

20*1 


312-26 

251-61 

60-65 

- 9 * 0 ^ 

31*4 

2-4 ‘ 

22*9 


312-88 

255-42 

57 - 4 ^? 

. -2*04 

29*8 

2-4 



313-46 

254-44 

59-02 

-4-58 

28-5 

2-4 


New Zealand . 

309-78 

? 5 i‘ 4 o 

58-38 

-6-98 

-13-18 

30*5 

2*2 

1 23*1 


316-90 

251-86 

65-04 ! 

32-7 

i 2*7 

1 24*7 


311-11 

252-03 

59-08 

-7-05 

31-8 

2*2 

22*0 


317-59 

253-87 

63-72 

-9-85 

29*6 

3*3 



313-41 

252-91 

60-50 

- 7-59 

32-4 

2*7 



318-70 

254*50 

64-30 

-9*70 

32*2 

! 3*0 

. . 


316-25 

254*15 1 

j 

62-10 

-7-95 

32-4 

2*6 


Irish . 

315-83 1 

256-23 

59-60 ' 

-3-37 

32*2 

2*8 

, , 


314-68 1 

254*03 

60-65 i 

-6-62 

31-4 

1 2*5 



311-41 i 

254*24 

57-17 i 

- 2*93 

28*1 

1 2*1 



309-05 

251*55 

57-50 

“ 5*95 

2- f -^ 

2*3 

1 

19*2 

Normandy 

1 

i 316-43 

25^.90 

62-53 

-8-63 

32-4 

1 

! 3-2 

, . 


1 316-26 

:»52-52 

63-74 

-ii*22r 

31-9 

i 3-0 



] 311-94 

254*95 

56-99 

— 2*04 

28*8 

! 2-1 

. . 

Probably 

316-9^1 

25673 

60*23 

-3-50 

31-4. 

2-9 

1 


adulterated . 

312-75 

i 258-17 

54-58 

-3-59 

;28-5 

2-3 

. . 


307-22 

1 256-30 

! 50-92 

i +5-38 

1 26-6 

; 1-8 

. . 


309-13 

257-89 

i 51-24 

1 +6-65 

1 27*1 

1 a-i 

. . 


303 --06 

; 255-48 

47-58 

! +7-90 

i 24-6 

! 1-7 
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Fritzsche {Analyst, i907» 32, 383) confirms the results of Av6-Lallement 
and the process is very highly spoken of by Bolton and Revis {Analyst, 1910, 
35 » 343 J 36* 392 and Fatty F€ods) particularly for the examination 

of Ghee (q.v.). S. H. Trimen, however {Analyst, 1913, 38, 243), found 
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that, although Ghee never gave a positive value for the expression 
i-(200-i-c), some of the figures obtained were so low that a negative value 
is still given after the addition of considerable quantities of coconut oil. 
Bolton and Revis {Analyst^ 1915, 40, 501) support their original opinion by 
stating that their commendation was not directed towards this process 
as a means of detecting coconut oil but rather to its value for the detection 
of other animal fats in butter. Supposing that the criticism of Trimen 
to be correct in regard to the giving of low results for (200+r) it follows 
that considerable additions of oleo margarine would be necessary to convert 
this into a positive value and thus to prove definite adulteration. 

The process is doubtless a valuable one in some cases, but far more 
results need to be recorded before any definite indications in difficult cases 
can be accepted. 

Some later results by G. Brownlee {Proc, R. Dublin Soc., 1925, 18, 
49) on Irish butters do not bear out all the claims that have been made 
for this process. One hundred and twenty-seven samples of butter were 
examined and of these twenty gave positive results for the final figure. The 
negative results varied considerably down to as low as— 21*5, whilst the 
highest positive result was 4-10-4. It is thus seen that in certain classes 
of Irish butter, at least, the method may be no more reliable than the more 
usual methods. 

The CJgdmium Method. — This method, which was suggested by Paal 
and Amberger {Analyst^ 1909, 34, 99), is carried out in a special apparatus 
although doubtless similar results migjit be obtained in the standard Polenske 
still. I’he distillate is precipitated by means of a solution of cadmium 
sulphate and the weight of this detcrmhied after filtering in a Gooch crucible 
and drying. Using the method of the originators* of the process butter fat 
gives figures of 70--90, whilst coconut oil gives 441-470— butter fat obtained 
from cows on special rations gave, in some cases, however, figures slightly 
above 100. By taking into account the saponification value and the “ differ- 
ence value ” proposed by Juckenack and Pasternack {Analyst^ 1904, 29, 
156) in conjunction with the cadmium value, it is still possible to detect 
the presence of added coconut oil in butter, and the authors consider that 
a butter is adulterated with this oil if (i) the cadmium value is over 100 
and the difference value lies between 4-25 and— 3-5; (2) the cadmium value 
exceeds no, the saponification not higher than 235, and the difference 
value at the most— 8; ^(3) the cadmium value is 120, but the saponification 
value not higher than 235, and the difference value more than— 8; (4) the 
saponification value is over 235, and the cadmium value over 230. 

This method has not been used to any extent neither is it likely, at any 
rate in its present form, ^ supersede those moii generally in use. Revis 
and Bolton {Analyst, 1911, 36, 334) did a certain amount of work on the 
process, but it, “ ora account of its extreme laboriocfness and questionable 
value (in our hands), was soon abandoned.” 

The Magnesium Salt Method. — This method, proposed by E. Ewers 
{Analyst, 1910, 35, 353), depends on the different solubility of the magnesium 
salts of the fatty acids obtained from the fats, and, further, on the varying 
solubility of the fatty acids from the soluble magnesium salts in petroleum 
spirit. Five grms. of the fat are saponified with alcoholic potassium 
hydroxide solution, the mixture is neutralised witr N/2 sulphuric acid, the 
alcohol is removed by evaporation, and the soaps are dissolved in hot water. 
The solution is transferred to a 250 c.c. flask, and, after cooling, 50 c.c. of 
N/2 magnesium sulphate solution are added, and the mixture is diluted to 
the mark. The contents of the flasKiire now mixed thoroughly, filtered, 
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and 200 c.c. of the filtrate are treated in a separating funnel with lo c.c. of 
N/2 sulphuric acid, and shaken out with three successive quantities of 50 c.c. 
of petroleum spirit. The petroleum spirit extracts are washed with several 
quantities of water (40 c.c., 40 c.c., and 20 c.c.), and the acid aqueous solution, 
together with the washings (measuring 310 c.c. in all), is distilled after the 
addition of i c.c. of dilute sulphuric acid (i : 3) and a little pumice-stone. 
Two hundred and fifty c.c. of distillate are collected and titrated with N/io 
alkali solution, using phenolphthalein as indicator; the number of c.c, of 
N/io alkali required gives the “ distillate magnesium number ” of the fat — 
that is, the quantity of alkali required to neutralise the fatty acids from the 
soluble magnesium salts which remain in the aqueous solution after treatment 
with petroleum spirit; this number is expressed per 4 grms. of the original 
fat. The petroleum spirit solution is now placed in a separating funnel 
containing a quantity of alcohol and a little phenolphthalein solution; N/io 
alkali solution is then run in until the solution remains deep red in colour 
after vigorous shaking, and the excess of alkali is next titrated back with 
N/io acid. The number of c.c. of N/io alkali used for the neutralisation 
in this case is termed the ‘‘ petroleum spirit magnesium number ” of the 
fat, and is a measure of that portion of the fatty acids from the soluble 
magnesium salts which can be extracted from their aqueous solution by 
petroleum spirit. The two above-mentioned “ numbers ” added together 
give the “ total magnesium number ” of the fat. On subtracting the 
“ p>etroleum magnesium number from the “ distillate magnesium 
number,*’ a “ difference figure ” is obtained which has a distinctly different 
value for various fats. The following numbers ” were found on the 
analysis of a number of samples of fats: 

0 

Tabl£ LI. — Results from Magnesium Salt Method 



R.M. 
Number. 
(5 grnis. 

Total 

^lagncsium 

-NiiniTier. 

i).st,natc i 

Number. 

, N limber. 


Fat ) 

C.( . \ 10 

Alkali per grms. F.il 

Butter (19 samples) — 
Minimum .... 

277 

25-5 

, 7 - 8 , 

7.7 

Maximum . . . . | 

30*4 1 

30-4 

20-8 

lo-l 

Coconut oil (4 samples) — | 
Minimum . 

^' 6*4 

267 

1-3 

25*3 

Maximum ... 

67 

27-2 

^1 *4 

25-9 

Lard (8 samplcs)-- 
Minimum . 

1 

0-0 

0*0 

1 0*0 

Maximum . . . . | 

1 

0'4 i 

0-3 

i 

• 

O-I 


Differ- 


ence 

NumbiT. 


+ lo-i 
H i I *9 


“ 23*9 

-24*5 


0*0 
+ 0*2 


Ewers claims that the presence of 10 per cent, of coconut oil in butter 
fat is plainly indicated by a decrease in the “ distillate magnesium number,” 
an increase in the “ petr.dcum spirit magnesium number,” and an increase 
in the difference niimbir with this proportion of coconut oil the latter 
value lies between 6*5 and 8*3. A determination of the “ petroleum spirit 
magnesium number ” affords a means of detecting as little as 5 per cent, of 
coconut oil in lard. It is also possible Jo detect the presence of about 15 per 
cent, of lard in butter by means of tbe above-mentioned method. 
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This method has been examined by C. Amberger {Analyst^ 191 36» 
404), E. Nockmann (Analyst, 1911, 36, 451), and E. Polenske (Analyst^ 
1913, 37, 93), all of whom make unfavourable criticisms. It was found 
that cows at the end of their lactation periods give butter fat having a Reichert 
value of 18 • 1-217 also gave abnormally low results by this process, whilst 
the same results were obtained by feeding the cows on coconut cake or 
beetroot leaves. In its present form the method cannot, therefore, be 
recommended, hut in view of the possibilities of the barium method of 
Avc-Lallement, the study of various modifications might repay the trouble 
involved. 

The Method Recommended . — In the present state of our knowledge con- 
cerning the composition of those fats containing volatile fatty acids the best 
process to ajlopt is undoubtedly the standard Reichert-Polenske-Kirschner 
process described on page 148. For special purposes described under the 
appropriate heading the Shrewsbury and Knapp value will be found of 
distinct utility. Of the other processes those of Ave-Lallement and 
Monhaupt, particularly that of the former, show promise, but at present 
they will only be of value to those having had considerable experience of 
them. 



CHAPTER X 

DRYING OILS* 

Candle-Nut Oil 

Source. — Candle-nut oil is obtained from the kernels of the fruit of a species 
of Aleurites. The earlier writers gave this as A. moluccana (or molucana) 
but this is stated {J.S.C.I., 1914, 33, 837) to be little, if any, different from 
A. triloba, and the oils are very similar if not identical. A. moluccana is 
found in several Oceanic islands and also in parts of the Weit Indies, in 
Brazil, in Florida and in Hawaii. (A similar nut, mistaken at first for candle 
nut, is mentioned in literature (J.S.C.L, 1914, 33, 556) but the oil w^as non- 
drying and was obviously from a different source.) The oil is variously 
known as Kukui, kekune, walnut and artists’ oil. The fruit (known as 
Kukui nuts) resemble walnuts, but have a thicker shell. There is some 
confusion as to the possibility of using the oil as an edible oil after suitable 
purification for, although the seeds contain ^a violent purgative it is said to 
remain almost entirely in the press-cake. (Lespinasse, Analyst, 1919, 44, 
343.) The seeds consist of about one-third kernels w’hich contein 60-70 
per cent, of oil. ^ 

Composition and Properties. — The oil contains oleic, Hnolic, linolenic, 
stearic, palmitic and myristic acids. West and Montes (Analyst, 1922, 47, 
27) state that the fatty acids consist of 6-5 per cent, of linolenic acid, 33*5 
of linolic, 57*0 of oleic ancl 2*8 of solid acids. The oil has excellent drjnng 
properties and was found by Walker and Warburton (Analyst, 1902, 27, 
237) to yield about 8 per cent, of insoluble bromides. 

The following results have been obtained in the examination of the 


Table LIL— Examination of Candle-Nut Oil from Aleurites Moluccana 


Observer 

S !S.11‘ 

I 5 ’ 5 ° iVal. 

i 

Todme i ^0“ AcidiTitrc 
Value.: V |Val.| °C. 

M.Pt of 
Acids. 
°C. 

j Sol. 
R.M.; Pt. 

1 

y.s.c.i., 1914, 33, 1018 

i 

0*928 1 188 

151*6 1 1*4716 1 o*S ^ 


i 

Gardner 

0-927 

192 



214 

162 ; r47u j 1*3 

' 1 ' . 


! 

i . 

West and Montes . . 

* 

0*92lt 

i Hoi ' 1 ! 

1 


Imperial Institute . . 

» 

0-927 

194 

i 1 i. 

1 . ! • 

. . _ . 1 .. 


■ 1 

1 

Lew'kowdtsch . . . 

1 

0*926 ; 193 

- j 

164 j 1-4706. j 13 

20-21 

I 

! 

Fendler § . . . . 

1 

[ 0-925 \^95 

”4 15-5 

[18 

1*2 -15 


* This classification is a( 4 )pted merely; for convenience — the three classes, drying, 
semi-drying and non-drying are not always sharply distinguished, 
t At 3 iV- :Hubl. 

§ From A. moluccana obtained from Cameroons by extraction with ether; 
oxidation had probably taken place as the other figures are mostly obtained on 
expressed oils. An oil of I.V. 118 wasfobtained by Lach but in this case the 
titre was 56. Undoubtedly some confu^on has arisen. 
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oil from * 4 . moluccana by different observers. The results from A. trUoha 
are placed in a separate table below. The oil from A. moluccana is also 
described as lumbang oil by some writers. For the oxidation and hydro- 
genation of the oil see West, Gonzaga and de Leon {Analyst^ 1924* 49* 
38,246). 

The tree A, triloba^ which is common in Hong-Kong, yields the nuts 
which are known as kirimi nuts, and which in turn yield the oil known in 
India as kekuna oil. As already mentioned above the tree is similar to, if 
not identical with, A. moluccana. Constants for the oil are given below. 

For the constants of walnut oil cf. page 186, and Jf.S.CJ.f 1913, 32, 
496; 1923, 42, 276A. 


Table LIII. — Examination of Candle-nut Oil from Aleurites Triloba 


Observer. 

S.G. 

15 * 5 °. 

|Sax^ Value ! 

1 1 

loci mu 
X'aluu. 

I And 

1 Value. 

1 1 

R.M. 

Titre. 

"C. 

Lespinasse 

0-927 

1 

: 175 ! 

1 

137 

i 1-4 


1 

Imperial Institute ... 

1 0-927 

i 194-204 : 

I 40-1 51 


2*0 

Op 


Soft luTibang oil is obtained from Aleurites trispenna (cf. J.S.CJ.y I9i9» 
38, 952A), and is somewhat similar to candle-nut oil in iodine value and 
drying power. The plant is cultivated to some extent in the Philippine 
Islands. The yield of oil is about 30 per cent, on the unshclled nuts or 
50 per cent, on the kernels. The oil slowly polymerises on exposure to 
light giving a granular mass resembling the product Yrom tung oil (A.fordii). 
The following constants have been recorded by Aguilar (J.S.CJ.y 1918, 
37, 215A) and by Gardner {J.S.C.I., 1919, 38, 952) : 

Table LIV. — Examination of Candle-Nut Oil from Aleurites Trisperma 


Observer. 

,S.G. If," 

Saj) Value. 1 

Value. 

ICKUllU 

Valiiu. 

j 

Aguilar .... 

■ 0-937 

i 

197.7 ; 

8-7 

145 1 

Gardner 

1 

• : 0-938 

1 

194 1 

• 1 

4*4 ! 

164 

I I -4876 

Gardner 

- : 0-938 

190 1 


161 

1-4873 

1 


The oil from Aleurites inontana, Wilson, which^ occurs in India has 
been examined by* Parker and his collaborators (J.S.CJ.y 1924, 43, 478B), 
who found the principle fatty acid present in the oil to be ^-alieostearic 
acid (M.Pt. 73®). The other liquid acids present were oleic and linolic. 


The following constants were observed : 

Specific gravity 15® .... 0’947 

Refractive index 40® .... 1*4815 

Acid value 3-5 

Saponification value 203 

Iodine value 141 

Unsaponifiable matter per cent. ... o*6 

Titre ®C • . . . . 54 
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Kaya Oil 

Kaya oil is obtained from the seeds of Torreya nucifera^ S. et Z., a plant 
which grows wild in the mountainous districts of Japan. The kernels con- 
tain 48 to 5z per cent, of a pale yellow oil suitable for edible purposes which 
may be obtained by expression. Ueno {Analyst^ I9i3> 38, 458) states 
that the fatty acids consist of about 9 per cent, of palmitic and stearic acids, 
19 per cent, of oleic acid and 72 per cent, of a linolic acid which yields a 
sativic acid melting at 151*^ to 152'^ instead of the usual 174°. Tsujimoto 
{Analyst^ 190S, 33, 238) states that the oil does not become turbid at— 20°, 
that it yields an elastic him when heated for three hours at 100° and dries 
at the ordinary temperature after boiling with manganese resinatc, and that 
the fatty acids yield a tetrabromide but give no deposit in the insoluble 
bromide test on the oil. The figures obtained by Tsujimoto together with 
those of Higuchi {J.S.CJ.y 1916, 35, 262) are here given ; 


Tabli* LV. — Examination of Kaya Oil (Tsujimoto and Higuchi) 




Tsujimoto. 



Constant. 

I. 

• 

3- 

Higuchi. 

Specific gravity 15'" . 

0*9 

. 

0-923 

0-92 J. 

0*924 

Acid value j 

! J -5 

; 4*2 

12-7 

0*48 

Saponification value 

1 188-4 I 

1 

i88-o 

190*1 

Iodine value . . . , . j 

142-2 

1 138-0 

133-0 

135-8 

Reichert-Meissl value . . | 

o-() 

i 

1 

0-7 

Refractive index 40° ... 

! 

1-4697 

1 i- 4 <jS 7 

1 1-4684 



Lallfmantia Oil 


Lallemantia oil is obtained from the seeds of Lallcmaniia iberica^ a plant 
which grows wild in South-East Europe and Central Asia, and w^hich is 
cultivated to some slight extent. The oil, which resembles linseed oil, 
is used in Persia and neighbouring countries to some extent as an edible oil 
and for other purposes. The oil has not been examifted to any great extent, 
but the following results are quoted by I^wkowitsch : 


Specific gravit^i^o^ . 
Solidifying-point 
Saponification value . 
Iodine valil.* .... 
Reichert value 

Titre X 

Melting-point of fatty acids 


0-934 

-35 

I *6 
II 


• ^ Linseed Oil 

Source . — Linseed oil is obtained from the seeds of the flax plant Liniim 
usitatissimum L., which is specially cultivated for oil-bearing purposes in 
Russia, India, North and South America, etc. The oil is commercially 
one of the most important, but as it js mostly used for industrial purposes 
and only to some slight extent, notubly in Russia, for edible purposes, an 



amount of space cannot be allotted to it commensurate with its commercial 
importance. 

The characters of the oil depend to a considerable extent upon the source 
of the seed from which the oil is pressed, both on account of the actual variation 
in the seed itself and also because of the admixture with foreign seeds to 
which consignments from some districts are particularly liable. Before 
passing a definite opinion, therefore, on the purity of a linseed oil it is desir- 
able, if possible, to obtain some knowledge of the alleged source of the oil, 
although, unfortunately, this is not often possible. The Baltic and Canadian 
oils are usually the best, Indian good and closely approximating at times to 
Baltic oil and then Black Sea, Plate River and North American oils in this 
order of value. 

Edible linseed oil is obtained by pressure in the cold when the oil obtained 
has a characfcristic though not altogether unplcassant flavour. The com- 
mercial oils being usually hot expressed have a somewhat harsh bitter taste 
and are not suitable, therefore, for use for edible purposes. Attempts 
were made a few' years ago to produce a tasteless edible oil from linseed 
oil with a fair amount of success, but there is not much demand as it cannot 
be used for cooking or frying. An account of this type of work is given 
in the Report of the Food Investigatiori Board for 1919 (London : H.M. 
Stationery Office) on page 27. * 

Some samples of linseed and linseed cake contain substances which 
yield hydrocyanic acid under suitable conditions, this subject has been 
studied in detail by Collins and Blair [Analyst, 1914, 39, 70; 1915, 40, 
125), whose work should be consulted for full particulars on this point. 
(Cf. H. T, Cranfield, Analyst, 1925, 50, 18.) 

The seed contains from 35-40 per cent, of oil, the amount depending 
upon the source and varying to a certain extent from year to year. Sheppard 
has given the following figures for seeds of different origins, the amount 
of oil being that contained in the pure picked seed : 


Table LVL— 

-Analysis of Linseed Oil Seeds (Sheppard) 

Source of Seed. 


Dor cent, ol 
Oil Hi 
T^urc Seed. 

Oil of one 
Seed in 
Milligrams. 

I'er (cnt. 
Oily 

Impurities. 

Per cent. 
Noil-oily 
Impurities. 

America .... 


39-J 

4-6 

1-5 

1-7 

America .... 

. 

39-4 

4-Sv 

1-0 

I-I 

La Plata .... 

.» 

37-0 

5-0 ■ ■ 

0-6 j 

1 5*^^ 

Calcutta .... 


40-8 

5-4 

4-9 i 

5*0 

Bombay . . . . ^ 


41-2 

7-9 

♦ 1 

2-8 

S. Russia (Keotchjr . 

• 

391 

57 

5-1 i 

1-7 

N. Russia (Riga) 

j 

37-0 j 

4-2 

3-3 

2-0 


Properties , — Linseed oil is the typical drying oil, ^le best Baltic oil being 
used almost as a standard by which the drying powef of other oils is judged. 
When thin films of the oil are exposed on glass phuts, drying is very rapid 
and its rate of drying may be further increased by the addition of certain 
metallic salts known as driers. The dried product is knowm as linoxyn, 
its chief characteristic being its insolubility in most organic solvents. It is, 
how^ever, soluble in glacial acetic acid,hij which solvent the iodine value has 
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been found by Meister {Analyst, 1911, 36. 24) to vary from 130 to about 
30 according to the length of time the oil had been exposed to the air. 

A large amount of work has been done on the properties of linseed oil 
under various conditions. A discussion of this lies outside the scope of 
this work, but the following papers may be consulted by those interested 
in the subject : 

** Decomposition of Linseed Oil during Drying.** Olsen and 
Ratner, 1912, 31, 937. 

“ Manganese Content of and Effect of Pigment on Linseed Oil.** 
Boughton, Analyst, 1913, 3 8, 215. 

“ The Cultivation of Linseed in England.’* Eyre and Fisher, 
J.S.C.I., 1915, 34, 559. 

“ The Formation of Acrolein by the Oxidation of , Linseed Oil.** 
Salway, 1916, 35, 366. 

“ Polymerisation of Linseed Oil.’* Krumbhaar, J.S.CJ., 1916, 
35* 1225. 

“ The Effect of Thinners on the Drying of Linseed Oil.*’ Wood- 
mansey, 1917, 36, 1253. 

“ The Effect of Heat and Oxidation on Linseed Oil.” Friend, 
y.C.S., 1917, III, i. 162. 

“ Study of the Oxidation of Linseed Oil.” Holden and Radcliffe, 
y.S.CJ., 1918, 37, 429A. 

“ The Effect of Exposure on Raw Linseed Oil.” Sheppard, Analyst, 
1919, 44, 323. « 

The Composition and Constants of Polymerised and Oxidised 
Linseed Oil.” Ingle and Woodmansey, ^. 5 . 0 ./., 1919, 38, loiT, 

“ Factors Affect/ng the Oxygen Absorption of Linseed Oil.” De 
Waele, y.S.CJ. , 1920, 39, 48T. 

“ The Efiect of Heating Linseed Oil under Pressure.” Coffey, 
y.S.CJ., 1921, 40, 19T. 

“ The Cause of Slowness of Drying of Linseed Oil.” Eibner, 
y.s.cj., 1921, 4P, 55 1 A. 

“ 'J'he Mechanism of the Oxidation of Drying Oils.” Coffey, 

y.c.s., 1921, 119, 1154, 1408. 

” The Phenomenon of the Drying of Linseed Oil.” Wolff, J^.S.C./., 
1921, 40, 706 A. 

“ The Ileat Treatment of Linseed Oil.” ^Mabery, Analyst, 1923, 
48, 459. 

“ The Polymerisation of Linseed Oil. Friend and Alcock, J^.aS.C./., 

1924, 43, B525, 1175^ 

“ The Effect of Pfgmcnts on the Rate of Oxidation of Linseed Oil.” 
Rhodes and Van Wirt, y.S.CJ., 1923, 42, 1233A. 

“ The Oxidation of Linseed Oil.” R. S. Movvi:\[^ Industrial Chemist, 

1925, I, bS. 

“ Catalysis of Linseed Oil Oxidation.” P. Slansky, y.S.C.L, 1925, 
44, B106. 1 

“ Iodine ValiiV and Foots Formation of Linseed Oil.” G, H. 
Richard, 1925, 2, 57. 

“ A Contributid'i to the Chemistry of Drying Oils.” G. W. Ellis, 
y.S.C.L, 1925, 44; 401T, 463T, ^69T, 486T, 768B, 930B. 

” The Colioid-Chemistry of Linseed Oil.” H. Vollmann, y.S.CJ,, 
1925, 44, B410, B461. 

See also The Chemistry of Drying Oils by Morrell and Wood. London : 
Ernest Bonn, Ltd., 1925. « 
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The composition of linseed oil has been the subject of 
research by numerous workers such as Muldcn, Tolman, Munson, Fahrion, 
Haller, Hazura and Grussner, but their results have now only qualitative 
importance. The saturated acids found were myristic, palmitic and stearic, 
with possibly traces of higher acids, whilst the unsaturated acids consisted 
of oleic, linolic and linolenic. The quantitative composition has been 
attacked by several workers in recent years. Morrell (J. 5 .C./., 1913, 32, 
1091) found that 6 per cent, of saturated acids were present, of which 66 per 
cent, was stearic and 32 per cent, palmitic. In contradistinction to the work 
of Haller and others he was unable to detect myristic, arachidic or any other 
saturated acid. Coffey (J.C.S,, 1921, 119, 1414) has calculated the com- 
position of linseed oil from the loss of carbon dioxide and absorption of 
oxygen during the drying. His results together with those of Friend 
(Chemistry of Linseed OiU 1917, 56) are given in the following table: 



CorFEY. 

Friend. 

Saturated acids and unsap. . 

8-1 

10 

Glycerol radicle .... 

4-3 

4-6 

Oleic Acid 

5'0 

5-0 

Linolic Acid 

48-5 

48'3 

Linolenic Acid . * . . . 

34-1 

32 'I 


The offiias recently been examined by Eibner and Schmidinger (J.S,C.L^ 
1924, 43, Bioi) who used, however, yi oil having an iodine value as low as 
173 ’5, They obtained the following results: a-linolenic acid 20*1 per 
cent,; isolinolenic acid 27 per cent,; a-linolic acid, ly-o per cent.; j8-linolic 
acid 41 *8 per cent. ; oleic acid 4*5 per cent. ; oxy-acids 0*5 per cent. ; glycerol 
4*1 per cent.; saturated acids 8*3 per cent.; pnytosterol, i*o per cent. 
These results differ considerably from those of earlier observers and it is 
obviously desirable that further work be done on these lines. 

The actual glycerides present have been studied to some extent by 
Schicht (J.S,C.I.^ 1915, 34, 1061), who found linolo-palmitostearin and 
strongly suspected dioleostearin, linolodistearin and oleo-linolopalmitin, 
but all these glycerides together amounted to scarcely 0*5 per cent, of 
the oil. 

The Examination of Linseed 0 //.— Owing to the frequent high price of 
linseed oil it has been extensively adulterated both with other seed oils 
when these have been l€^s expensive and also with rosin oil, fish oils and the 
like—adulteration being particularly rife in the case of boiled oils, the dark 
colour of which tends to mark the addition ^of foreign material. The 
principal tests are the iodipe absorption, the djyuig power and the hexa- 
bromide value; they should always be carried out. No linseed oil can be 
passed as genuine, or at least as satisfactory unless its iodine value is more 
than 170, and some suspicion must attach to the oil Anless this figure is at 
least 175, and even this figure is low except in the case of a new oil containing 
a quantity of mucilage; * as has already been stated t^e iodine values of the 
best oils approach 190. The other characteristics var/ with the iodine value 
in the case of pure linseed oil so that the experii^ntal figures should be 
compared for oils having similar iodine values. IiJ the following table a 
number of figures are given showing how certain otlir figures vary with the 
iodine value. 

• The oil should always be filtered through a dry ;dter-paper previous to 
testing by the iodine value, as even the small amount of water present in the 

nnnrilacrp i<i «nffiripnt mntA uiflinp valiu* fnr tnri low 
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Table LVII. — Examination of Linseed Oils 


Oil No. 

Specific 

Gravity. 

Refractive 

Index 

„ 40 . 

Wijs. 

Saponific. 

Value. 

Modified 
Livache. 
% gain. 

Days. 

l 


1-4742 

190 

19-4 


.. 

2 

’935 

1-4742 

191 

19-3 



3 

•934 

1-4738 

189 

19-3 

15-6 

2 

4 


I -4726 

177 

19*3 


. • 

5 

•931 

1-4723 

161 

177 

5*4 

I 

6 

•934 

1-4746 

194 

19-1 

17-4 

2 

7 

•932 

1-4726 

180 

19*1 



8 

•931 

1-4725 

181 


15-0 H 

2 

9 

•931 

1-4725 

179 


14*6 

2 

10 

•936 

1-4743 

188 


16*3 

2 


The following table shows the iodine values of oils from different 
sources — post-war oils tend to have somewhat lower figures in the Baltic 


class. • 

South American * ... 176-185 
Calcutta and Japanese. . about 180 
Black Sea . . ... 176-182 

Canadian and N. ^^.werica . 182- 186 

Baltic 190-204 

Chiii(;se 194 


The drying power may be tested by one of the quantitative methods 
given on page 13 1, when a value varying with the iodine value should be 
obtained. I’he following numbers will give some idea of the figures usually 
obtained. (Liverscege and Elsdon, 1912, 31, 207.) 

Table LVIII. — Drying Powers or Raw and Boiled Linseed Oil 
(Liverseege and Elsdon) 


Raw Linseed Oil — 

Iodine value 
Percentage gain 


194 188 

17 -^ i6-3 


18.J 381 

15-5 15*1 


180 180 179. 176 

35-2 15-0 14-6 13-8 


Boiled Linseed Oil— ' 

Iodine value . .176 171 t68 164 163 

Percentage gain . 1^13-9 13*6 14*1 13*5 12-6 

It is very ad\isablt^that a simple drying test be carried out in addition. 
For this purpose perfectly clean sheets of thin glass (cleaned photographic 
plates serve excellently) are thinly coated with the oil, and then placed on 
their edge and left exposed to constant conditions alongside other oils similarly 
treated which are known to be pure. The drying of the sample, under 

* Gnmmc (7 ..s’.*?;./., 1921, 31, 782). 
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escamination, and the nature of the film produced should be compared with 
those of samples of known purity. A pure linseed oil usually dries in less 
than three days to an elastic skin which is no longer sticky to the touch. 

A method which depends upon the insolubility of the dried oil in ether 
has been devised by Elsdon and Hawley {Analyst, 1913, 38, i) and may be 
found useful in difficult cases. The interpretation of the results obtained 
are made in conjunction with the iodine value by means of a curve 
(cf. page 132). 

The Analytical Characteristics . — These are given in the following table, 
but it must not be overlooked, as already pointed out, that the figures obtained 
for linseed oil vary with the source of the oil. 


Tab^ LIX.— Analytical Characteristics of Linseed Oil 


Observer. 

S.G. 15. 

Iodine ' 

Valup 1 

1 

Sap 

Value 

Unsap 

Acid 

Value 

Sol. Pt 

Thomson and Dunlop, 
A.y 1906, 31, 282 . . 


1 185-5- j 1-4735- 
1205-4 1 1-4761 

191*4- 

192*5 

0- 88- 

1- 25 



ensen,.^., 1,36,407 

932 1 176 

1*4730 

191*5 

0*88 

1.34^ 


itandards of Amer. Soc. 
of testing materials 

0-932 

0-936 

i 

178 

min. 

1-4736 

I -475 1 

1 . 

189- 

195 

1-50 

max. 

6*00 

max. 


Voiff, y.s.c.i., 1923, 
42, 27sA . . . . 

0*030 

0*934 

170- 

192 

I -4722 

I -4742 

187- 

196 



* * 

i 

I.P 

0*930 

0*940 

170 

at least 

1-4725- 

1-4748 

187- 

195 1 

I *0 

max. 

3*0 

max. 

-20 

max. 

1.S.P 

0-931 

c#94i 

170 

at least 


187 

195 




ryer and Weston . . 

0*932- 

0*937 

175- 

200 

1-4735-' 
1-4748 1 

*-89- 

194 

< 3 - 5 - 

2-0 

10*0 

max. 

20° 

(Titre) 

olton and Revis . • . ’ 

0-931 

0-938 

175- 

200 

i 1 

1*4726- ! 189 • 1 

1-4742 1 19s ^ 

1*3 

1 

1_ 



-y it 


Special Tests . — There is no specific test by wh£h linseed oil may be 
recognised in mixtures with other oils, but there are S(.me tests for adulterants 
which are valuable and which should be applied to any sample of linseed 
oil whenever there is any doubt of its purity. A most important test which 
is especially useful in the detection of fish oils is that in which the insoluble 
bromides are isolated and examined. The methods for carrying out the test 

River Plate Liab. press. 
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are fully described on page 129. In the case of a pure linseed oil the amount 
of insoluble hexabromide obtained under standard conditions is a straight- 
line function of the iodine value. Where the conditions described by Sut- 
cliffe (Analyst, 1914, 39, 28, 388) are followed this relationship is expressed 
by the equation 

Per cent, insoluble bromides =0‘63 xI.V. — 78*0 

where I.V. is the iodine value of the oil. A deficiency of bromides where 
the I.V. is over 170 will probably be due to the addition of other drying 
oils such as tung oil or poppy-seed oil, which give no insoluble bromides. 
The separated bromides should be white and crumbly and should have 
M.Pt. 141°- 1 44”. When fish oils are present the bromides darken on 
heating, owing to decomposition, and have no definite melting-point; in 
such cases difficulty is usually experienced during filtration. Fish oils may 
be confirmed by the phytosteryl acetate test. The compound from linseed 
oil should melt at I28"~i29^, but will be lower in the presence of fish oils. 
(Cf. Thoms, Analyst, 1924, 49, 77.) 

The oil may also be tested for “ break by heating in a test-tube to 
over 200“ when only a small amount of coagulation should take place. A 
large break would indicate an immature oil. Another useful test is to shake 
10 c.c. of the oil with 10 c.c. of 50 per cent, by volume sulphuric acid in 
a 25 c.c. stoppered cylinder. The mucilage separates out as a black layer 
between the acid and the oil and should not occupy more than c.c. 

Adulteration with rosin oil (which is still practised especially in the case 
of boiled oils) will be shown by an increase in the un saponifiable matter 
(mineral oil will, of course, have the same effect) and may be detected by 
the application of the Lieberinann-Storch test which is described on page 79 
and also by smell. Thurston {J.S.C.l., 1914, 33, 556) states that this test 
will not show a 50 per cent, adulteration with “ gloss oil which is obtained 
from rosin and that better results are obtained by treating about 5 drops 
of the oil with i drop of concentrated nitric acid when in the presence of 
considerable amounts of “ gloss oil a distinctive reaction will be obtained. 

Madia- Seed Oil 

Madia-seed oil is obtained from the seeds of Madia sativa, which is a 
native of Chile and California. It is very similar to the sunflower and the 
seeds and oil have very similar properties to those of the latter. It has 
been cultivated in Algeria, Asia Minor, Germany Vnd elsewhere, but this 
cultivation, although not unsuccessful Ijas not been developed. The seeds 
contain some 30-35 per eg'^t. of a yellowdsh-brown oil of the semi-drjdng 
type although in some of its reactions it resembles the drying oils. The cold- 
pressed oil has a pleasant odour and taste and is suitable for edible purposes. 

The following coi^stants have been observed for specimens of this oil. 


TABLEjLX.—CONSrANTS OF MaDIA-SeED OlL 


Authority. 


Sol l^t. T. 

Sap. 
Value. , 

i I.V. 

i 

■ntre. i 
“C. 

1 Unsap. 

0 / 

1 /o- 

De Negri and 
Fabris . 

•929 

— 12 to —17 

! 

192*8 

! 

i 

117-5 

119*5 

20-22 


Imperial Institute 

6 

i 194-5 

128*9 


■ 0-8 
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These figures do not agree particularly well, but the differences may 
be easily accounted for by the former being a cold-pressed oil and the latter 
an extracted oil. 

Manketti Oil 

Manketti oil is obtained from the seeds of Ricinodendron Rautanenn^ 
a tree growing in various parts of South-West Africa. The seeds weigh 
about I *5 grms. each and contain some 60 per cent, of kernels which yield 
50-60 per cent, of a light yellow viscous oil having a pleasant odour and 
taste. The oil has good drying properties absorbing about two-thirds of 
the amount of oxygen absorbed by linseed oil. The oil gives no insoluble 
bromides, but the mixed fatty acids yield linolic tetrabromide of M.Pt. 114®. 
On account of the small proportion of kernels in the fruits (about 10 per 
cent.) and the difficulty of extraction of the oil therefrom, it is considered 
by the Imperial Institute 1917, 36, 1018) that the export of the 

nuts to Europe would not be 'remunerative. Constants have been deter- 
mined by Grimme (Analyst^ io5)» Thoms ^ 9 ^ 3 y 3^* 

61 1), Sprinkmeyer aiuI Diedrichs (ibid., 1914, 33, 1097), and the Imperial 
Institute as set out in the following table : 

abm; LXl —Constants of KIanketti Oil 



i ' ' 



t 



M.Pt 

Ob.server. 

1 s.c;. i Sol. ’ 

; 15^. i pt. I 

1 i 

11 

Ac’il 

Value. 

v^/uc i.v. 

' 1 1 

Unsap. 

% 

Titre, 

°C. 

Fatty 

Acids. 

X. 

Grimme . . 

I 1 i 

' 0*929 -S 

I *4805* 

0*9 

194-8 , 1-2 1 0-6 , 134-8 

o-8s 

35 

41 

Thoms . . 

Sprinkmeyer 

i . . ■ -2 ' 

! ; 


0*6 

195*2 i*i 0*6 ' 130*4 i 

: i ' i 

193-3 ' 0-8 1 0-4 128-5 i 

1 

1 

40 

& Diedrichs 0*931 i . . 

1-4807 

1*25 1 


35 

39 

Imperial In- 

0*928 ' . . 



: 1 ‘ 

191-5 *33-6 [ 

1 



stitute . . 


1*9 ' 

* • 

• * 

* • 


The oil of the seeds of Ricinodendron Africanum has been examined by 
A. Hdbert (J.S.C.I., 1911, 30, 497) and by Pieraerts (ibid., 1918, 37, 430A). 
The latter author stares that the nuts of Ricinodendron Africanum , a large 
tree growing in the French Congp and other countries of West Equatorial 
Africa, arc of about the size of a hazel nut. JJnsorted nuts yielded 28 per 
cent, of kernels, which contained 17*64 per cert, of water and 55*29 per 
cent, of a pale yellow oil with the following characteristics : Sp. gr. 15/1 5° C., 
0*9345; refractive ipdex at 19*5° C., 1*5028; acid value, 0 *86; saponification 
value, 194*4; Hchner value, 98*85; and M.Pt., 3V3" to 34-5“ C. The 
oil contained 9*77 per cent, of glycerol, and yieldecirno bromides insoluble 
in ether. 

It is stated to dry more rapidly than linseed jil. Hebert found that 
the kernels contained 35 per cent, of oil equivalent to 8*7 per cent, from 
the entire seed, having sp. gr. 0*937, M.Pt., 20*"; faponification value, 185 ; 
acid value, i6*8; Reichert value, 1 *5 ; iodine value, 87*6 ; M.Pt. of fatty acids, 
43°. The fatty acids consisted of 70 per cent, solid acids and 30 per cent, 
liquid acids. 

* The temperature is given as 15® but il this temperature is correct the 
refraction would be very difierent from that found by Sprinkmeyer. 
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The seeds of R, Heudolitii from Southern Nigeria were examined at 
the Imperial Institute {Analyst^ 1909, 34, 166). The kernels of the seeds 
known as “ Nsa-sana seeds, yielded 47*0 per cent, of a pale yellow oil 
with a taste resembling that of arachis oil. Exposed in a thin layer, it gave 
a dry film in a few hours, and from practical tests it appeared to stand between 
linseed and tung oils in its properties. It had the following analytical 
values : Sp. gr. at 15° C., 0*9347; acid value, 1*2; saponification value, 
184-7; iodine value, 148*2; Hehner value, 94-1; Reichert-Meissl value, 
1*9; unsaponifiable matter, i-2 per cent.; and solidification-point of fatty 
acids, 34-5° C. 

The seeds of R. mahafalense, as examined by Heim, Garrige and Husson 
(y.S'.C./., 1921, 40, 664A), yield 81*4 per cent, of kernels containing 58 per 
cent, of oil. The cake from the undecorticated nuts is poisojious. The 
oil is of a pale golden -yellow colour, is semi-drying, and consists entirely 
of glycerol, of stearic, and oleic acids with a small quantity of triglycerides 
of volatile fatty acids and hydroxy acids. 

N’Gart Oil 

This oil is obtained from the kernels of the fruit of Plukenetia conophora^ 
a climbing plant cultivated by the natives of the Cameroons, and by them 
used as an edible oil. The oil is similar in its properties to linseed oil, and 
as the quantities available are by no means negligible, its use as a $UDstitute 
for the latter is by no means unlikely. ^ 

The fruit, which is about the size of a walnut, consists of about one-third 
shell and two-thirds kernel, the latter containing 50-60 per cent, of oil of 
which about 35 per cent, can be obtained by expression. The oil was 
found by Miihle and Hammelmann (J.S.CJ,, 1913, 32, 874) to yield 47*7 
per cent, of insoluble bromides which had M.Pt. i77'^-i78°. The following 
results have been obtained from an examination of this oil by various 
observers. 

Tabli- LXII. — Constants of N’Gart Oil 


Observer. , 

1 

Value, I- 40. 

I.V. 

Acid 

Val. 

IJiisap. 
per cent. 

Titre. 

Sol. Pt. 

Crause . . . 0-936 

190 11-4744 

... 

204 





Vliihle and Ham- 
melmann . . 0*939 

1907 1 1-4753 

t 

I iq 8-3 

' 34*3 

i 0-21 

1 

1 

1 24-25 

. , 

■ .V — — u* _ 

‘192 1 

i 

! 

j 177- 

! 204 

i 


i 

i 


— 16 to 
-20 


Niger-Seed Oil 

Niger-seed oil is obtained from the seeds of Guizotia wiiich is 

indigenous to Abyssinia and which is largely grown there and in other 
parts of East Africa for local use, and on a large scale in India. The seeds 
(which are, botanically speaking, achenes) contain some 40 to 50 per cent, 
of oil, and are small and glistening black in colour. 

* rv T c ^ ..... 
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The cold-pressed oil is the only one used for edible purposes. It is 
largely used in this 'way, especially in India, and of recent years quantities 
of the oil have been used in margarine manufacture in this country. The 
edible varieties are of a golden-yellow colour with only slight odour and a 
pleasant nutty flavour. The oil has been stated by various observers to be 
a good drying oil, but Utz (Analyst^ 1911, 36, 358) states that it dries very 
slowly even at 100'^ but that the speed of drying is accelerated by “ boiling.” 
The oil is stated by Mitchell (Of/r, Fais^ Waxes, etc,, London, 1921) and by 
Vuaflart (J.S,C,L, 1911, 30, 065) to give practically no precipitate in the 
insoluble bromide test, but Vuaflart states that it gives the arachidic acid 
reaction. This last statement is in need of confirmation on account of the 
possibility of confusion with arachis oil and also as it would be a useful test. 
No other specific tests for the oil have been suggested. Vuaflart states that 
practically the only difference between niger-seed oil and poppy-seed oil is 
in their solidification points. 

The characteristics of the oil have been determined by various workers 
as set out in the table below : 


Table LXIII. — Characteristics of Niger-Seed Oil 


Obserf^ 

S G. 

Sap. 

Value. 

aio'l. 

Valno,. 

Sol. in. 
“C 


Rei- 

chert. 

M.Pt 

Fatty 

Acids. 

"C. 

Acid 

Value 

Unsat 

%. 

^ Mitchell 

0-927 

191-7 

126*4 

-8 

*• 





2 Crosslcy and Le 
Sueur 

0*925- 

188*9 

126*6 


• 

I *4678 

0*1 


5 - 2 - 



0*926 

1 

192*2 

133-8 


1-4689 

0*6 


11*7 


[ Cnide 

1 0-925 1 

123-5 

' 126-8 

1 

1 

! 

' i- 4 f >77 

0-9 

28*2 

370 

1-26 

Utz \ 

1 Bleached . 

I 

0-925 : 

217-8 

1 14*0 


1 

I - 4^*73 

3-9 

27-8 ! 

0-45 

0-53 

Vuaflart . 

i 0-923 


128-5 

! -6 ! 

i I *4676 

i -- 




Imperial Institute 

; 0-925 

39- 

. iz - j - 


. . 

1 

1 

i . . 

. . 

, . 

, 





! 







^ Oils, Fats and Waxes, etc., London, 1921, page 568. Oil extracted 
with ether. ^ J,S.C.l., 1898, 17, 992. Values lor four Indian Oils. 
® Archbutt found 132-9 on one sample. 


Perilla Oil 

Source, — ^Perilla oil is obtained from the seeds A Perilla ocymoides L., 
which grows in China and Japan and has been ctu/vated there and in sur- 
rounding territories. Gardner states that the seed *:3ontains 33-35 per cent, 
of oil, but a report in the Bulletin of the Imperial Institute states that 43 •! 
per cent, was found in seed cultivated in Cyprus, and Fox {J. I, Eng, Chem,, 
1912, 4, 229) has reported a figure as high as 45 per cent. These latter 
figures are probably from seeds containing more oil than the usual seed 
cultivated in China. 

Properties, — This oil, which is quitt largely used as an edible oil in the 
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East, has an even higher iodine value and oxygen absorption than linseed oiU 
On this account it was imported into Europe as a substitute for linseed oil, 
but has not been particularly successful on account of the peculiar property 
which the oil has of forming droplets when spread out into a layer. This 
defect may, however, be overcome by the addition of other oils or by heating 
to a moderately high temperature the oil then becoming ** boiled.** 

The following constants for the oil due to Tsujimoto are quoted by 
Lewkowitsch (Vol. II, page 45) : « 


Table LXIV. — Constants of Perilla Oil (Tsujimoto) 


i 

! Seeds from 

! 

Colour 
of Seed 

1 S.G 

1 15 5 °- 

Acid 

Value 

1 Sap. 
Value. 

Iodine 

Value. 


Cold-drawn 
oils prepared 
in the 

liaboratory. 

Hokkaido, 
harvested 
in 1903 

>» >» 

„ 1904 . 

»» »» 

Aomori 1904 
Tochigi „ 

»> 

\ ii 91 

Black 

White 

Black 

White 

Black 

” ! 
»> 

99 

0-9342 

0-9343 

0-9345 

0-9342 

0-9346 

1 0-9343 
: q-9343 
; 0-9343 

1-31 

o*8i 

0*98 

2*79 
1*90 
2*83 
! 1-99 
0-84 

193-48 

193-35 

193-47 

193-88 

192- 17 

193- 39 

193-20 

193-31 

196- 45 

195- 72 

197- 14 

196- 75 
201*82 
202 •4y- 
200*42 
200*56 

I -4836 

1-4837 

1-4836 

1-4835 

I *4840 
1-4851 
1*4841 
1*4841 

Commercial 

jTochigi, 1904 

Black 

; 0-9332 i 

I 7*62 i 

1 193-11 

193-78 

1*4831 

oils. 

n >» 

99 

j 0-9318 

i 6-57 

193-48 

185-65 

I *4822 


>> 99 

99 

j 0-9344 

5-J7 

j 193-36 

200*46 

I *4840 


1 99 

99 

1 0-9372 

2 '69 

i 193-12 

190*22 

I -4840 


\ 

1 

: 0-933S 

2-82 i 

191-67 

196*09 

1 * 4^35 


\ 

\ 


0-9325 

2-53 

189-67 

187*48 

I *4826 


Later workers have published the following : 


Table LXV. — Constants of Perilla Oil (other Observers) 


Observer. 

j 

Souye. 

S.(.. 

15*5° 

15 5 “ 1 

‘Acid 

Value. 

Sap. 

Value. 

L 

I.V. 


Unsap. 

0/ 

/o- 

^ Gardner . 

' ^’'okohama 

0*937 

4*3 

193-4 

^ 93*3 

1-4759 


® Gardner and Holdt 

Orient ** 

0*935 i 

7*0 

193-1 

198*8 

1-4748 

1*07 

* Imperial Institute . 

1 Cyprus 

0*9301 


190-5 

185 

I *4720 

. . 

* Bauer . . . . 


0*930 


187-4 

204*3 

1-4785 

i 1 

• • 


^ 1917, 36, 392. 2 Ibid,, 1920, 39, 789A. ® Analyst, 1921, 

46, 289. ^jf.S.C.L, 1922, 41, 719A. 


Composition . — The composition of the oil has been the subject of several 
papers by Bauer, but it has not yet begn worked out fully. (J.S.CJ., 1922, 
41, 719A; 1923, 42, 149A; 1924,443, B264). Up to the present Bauer 
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has isolated palmitic acid, which seems to be the only saturated acid present, 
linolic acid and possibly several geometrically isomeric linolenic acids. 

Tests for Purity , — Any serious adulteration will lower the iodine Value 
so that this should be the first determination to make. Where the iodine 
value is above 190, the colour and appearance good and unsaponifiablc 
matter practically absent, the oil may be classified as genuine. 

Polymerised perilla oil , — According to Bauer and Hugel (J^.iS'.CJ., 1925, 
44, B250) polymerised perilla oil is a viscous, sticky material which liquifies 
very slowly on the water-bath, is readily soluble in ether, chloroform, and 
xylene, but is precipitated by the addition of alcohol to the solutions and has 
an iodine value of 80 -6, as compared with 203 for the unpolymerised oil. 
Prolonged boiling with concentrated alcoholic potassium hydroxide and 
subsequent .acidification, yielded a viscous mixture of fatty acids having acid 
value 113*5, iodine value 89*1. No linolenic acid w.as detected in the 
mixture, and linusic acid, wolinusic acid, and tetrahydroxystearic acid were 
not present in the product obtained by oxidising the fatty acids with potassium 
permanganate solution. Catalytic hydrogenation of the acids resulted 
mainly in the formation of stearic acid. 


. PoLi Oil 

An,^il from the seed of Carthamus oxyacantha has been described by 
Barnes and Singh {Analyst^ 1916, 41, 72), who give different figures from 
those published for an oil from the ^amc source by Crossley and Le Sueur 
(J,S,C,L^ 1898, 17, 991). The plant is stated to grow wild in the North- 
West of India and to be used for edible purposes by the natives, particularly 
in famine years. A yellow oil is obtained by expre;psion which has been used 
as an adulterant of Ghee, so that there seems no reason to suppose that it 
may not be used legitimately as a substitute for ghee and as a constituent 
of edible fats. In the following tabic the figures obtained by Barnes and 
Singh are compared with those of Crossley and Lc Sueur. Barnes and Singh 
consider that the differences in the figures arc due to the fact that the sample 
examined by Crossley and Le Sueur was not fresh, but they are not easily 
explained even in this way. 


Table LXVI. — Examination of Poli Oil 


^ ^arnes and Sin^^h. 

Specific gravity (ijf*5°; . 

0*927 

Iodine value .... 

167*4 

Saponification value 

17**2 

Acetyl value 

60*5 ! 

Acid value 

5'9 1 ' 

Reichert-Meissl value . 

0*6 c 

Refraccive index (40°) . 

1*4755 

1 ^ ! 


Crossley and Le Sueur. 


0*927 

135-5 

1x9-4 

3-66 


Poppy-Seed Oil 

Source, — Poppy-seed oil is obtained from the seeds of the poppy Papaver 
somniferumy both the white and the black varieties being used for the purpose. 
The poppy plant is cultivated in Egypt, Asia Minor, Persia, India and other 
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countries. The opium is obtained from the capsules containing the seed, 
whilst the oil is, of course, obtained from the seed itself. The seeds contain 
some 50 per cent, of oil the bulk of which is obtained by cold expression— 
the seed is usually pressed a second time in the hot when a small quantity 
of inferior oil is obtained. 


Table LXVII. — Constants of Poppy-Seed Oil (Various Observers) 


S.G. 15 " 


Iodine 

Value. 

R.M. 

Unsap. i Sol. Pt. | 

Wj, . 0 / op 1 

1 ! 

Acid 

1 Val. 

I 

Titre. 

®C. 

0-924-- 

0-926 

190- 

19s 

132- 

140 

0-0 

i 

1-4670-1 0-5 I- 15 to 

1-4690 1 .. —20 

1 1 

1 

i Q-3“ 

; 30-0 

i 

16-19 


Cf. Thomson and Dunlop, Analyst, 1906, 31, 282. 


Composition . — Tolman and Munson found that of the total fatty acids 
of poppy-seed oil about 7 per cent, were solid and 93 per cent, liquid. 
The solid fatty acids consist for tlie most pUrt of stearic and palmitic acids, 
whilst Hazura and Grussner found that the liquid hitty acids consisted of 
oleic 20, linolic 65, linolenic and isolinolenic acids 15. 

The oil contains only a small amejunt of unsaponifiable matter (about 
0*5 per cent.) which, according to Bomer and Winter, consists for the most 
part of a phytostcrol having M.Pt. I3h‘^“-i37'^ after eight crystallisations, 
whilst the acetate has M.ft. 126". 

Properties and Special Tests . — Cold drawn poppy-seed oil is almost 
colourless to pale yellow with hardly any odour and a pleasant flavour. 
No steal ine is deposited by the oil. Poppy-seed oil is a good drying oil 
and by reason of its pale colour is used in the f)reparation of artists* colours. 
Inhere are no specific tests for poppy-sced oil with the possible exception of 
Belliers* test for the detection of this oil in walnut oil, which is described on 
page 1S7. {Analyst, 1905, 30, 132.) 

Adulteration of the oil has not been infrequent in the past sesame oil 
(which may, of course, be detected by the Baudouin test) having been used 
to quite a large extent. As poppy-seed oil gives no precipitate in the in- 
soluble bromide test the addition of many seed oils fvill be detected in this 
way; walnut oil for example yields up to 2 per cent. 

Lewkowdtsch states that commercial poppy-sced oil is frequently 
pressed in the same presses as sesame oil the former frequently gives the 
reactions of the latter, but Royer {Atialyst, 1910, 35, 490) states that poppy- 
seed oils of undoubted purity give no reactions for sesame [n the first pressings, 
but that they do in thelsecond, and considers that a sample ought not to be 
condemned as containiitr sesame oil, even though it gives reactions pointing 
to its presence, unless ^ ic other chemical and physical constants of the oil 
confirm the adulteralio * 

Vuaflart {J.S.C.L, ifjjci, 30, 965) states that the presence of niger-seed 
oil in poppy-seed oil raises the solidifying point, but this method would 
only detect gross adulteration, or complete substitution, at the best. 

Utz examined some oils which had been extracted wdth petroleum ether. 
He obtained iodine values, shown in the tabic below, considerably higher 
than the usual figures which are obtained on expressed oils. It would 
appear that extraction removes some ly^nly unsaturated bodies. 



DRYING OILS 


*83 


Source. | 

I.V. 

1 

t 



Indian poppy-seed oil i 

1535 

1*4681 

1 * 

Levantine poppy-seed oil .... ! 

157-5 

1-4683 

German poppy-seed oil 

156-9 

I -4683 


I 


Annett and Sen (J.S.CJ., 1919, 38, 959A) have shown that the cake 
makes a suitable cattle food. 

The oil of the Mexican poppy, Argemone mexicana^ has been examined 
at the Imperial Institute {Analyst^ 1923, 48, 75). The seeds were found 
to contain 36*5 per cent, of oil, having the following characteristics : 


Specific gravity 15'' . 
Index of refraction 40^ 

Titre "C 

Acid value 

Saponification value . 
Iodine value . 
Unsaponifiablc matter 
Reichert value 


0*9220 
1 *4660 
22*8 
21*6 
1927 
123*7 

1*14 per cent. 
0*0 


The oil was found to be unsuitable for paints or for edible purposes 
and the meal could not be used for cattle feeding owing to the purgative 
action of the residual oil and the presence of an alkaloid. 

This oil has also been examined by K. Bhaduri {J.S.CJ.y 1914, 33 » 
266), who found that the seeds yielded 22*3 per cent, to light petroleum. 
The expressed oil gradually thickened on keeping and deposited a very 
small amount of a red crystalline substance, M.Pt. 172® C, The oil solidified 
at i6°-i 7° C. The following characteristics were observed : Sp. gr. 0*9117 
at 28° C., and 0*9007 at 100° C.; refractive index, 1*46552 at 32'' C.; saponi- 
fication value, 185*5; ^it:etyl value, 27*9; acid value, 146; bromine value, 
102*2; Rcichert-Meissl value, o*6i; Ilehner value, 94*02; glycerol, 15*48 
per cent.; Maumene •est, 65*^ C. The fatty acids containeci 77 per cent, 
of liquid acids having the iodine value 147*4. Evidence w^as obtained of the 
presence of acetic, valeric and laurTc acids. 


SLOWER Oa 

Safflower oil is obtained from the seeds of the s.^dron plant, Carthamus 
tinctoriuSf which was formerly cultivated exclusively r a source of the yellow 
dye, but which’is now cultivated for the seeds as a so irce of oil. The kernels 
consist of about 40 per cent, of the seed. The Wiiolc seed contains 25-37 
per cent, of oil, depending to a certain extent upon the source. (Cf. J.*S'.C./., 
1914* 33 > 147; 1916,35,696). 

The fatty acids consist of about 10 per cent, of solid acids and 90 per 
cent, of liquid acids. The solid acid" consist principally of palmitic and 
stearic acids, whilst the liquid acids^ consist almost, if not quite entirely, 
of oleic and linolic acid (Le Sueur, •J.S'.C./., 1900, 19, 104), although 
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Walker and Warburton {Analyst, 1902, 27, 237) found that the fatty acids 
yielded 0*65-1 -65 per cent, of ether insoluble bromides. 

The oil is usually of a pale yellow colour possessing slight odour and taste. 
It has good drying properties which are, however, markedly inferior to 
those of linseed oil. It polymerises on beating for some hours at a high 
temperature, the polymerised product being used by the natives as a leather 
dressing. In the driest districts of the Deccan it is one of the most valued 
of edible oils. 

The constants of the oil have been determined by various observers, 
notably Crossley and Le Sueur {J.S.C.L, 1898, 17, 991), whose figures are 
given in the table below. The results obtained by other workers practically 
all lie between the limits here given, but Mann and Kanitkar {J.S.CJ., 
3^» 36T') found iodine values of from iii to 122. (Cf. floward and 
Remington, J.iS.C./., 1922, 41, 109A; ibid., 1916, 35, 696.) 


Table LX VI 1 1. —Constants of Indian Safflower Oils 



Sp. Gi. 

15715". 



• ! 

Refractive 
40*^ C. 
Butyro- 
Uefracto- 
mctcr. 


Optical 

Source, 

Sap. 

Value. 

Iodine 

Value. 

R.M. 

Acid 

Value. 

Activity 
if. 20b nibi. 
Tube. 

C. Provinces . 

0-927 

192-5 

140-1 


65-2 

10*41 

8 

Bengal 

0-926 

•193 ‘3 

H4*4 

138-6 



3*68 

7 

Punjab 

0-928 

186 -6 

0-00 


8-28 


»» 

0-927 

! 189-6 

144-1 



! 0*76 ^ 

10 

»» 

0-925 

! 187-4 

129-8 ; . . 


1 2-90 

12 

Hyderabad 

0-928 

; 187-9 




2-58: 

14 

Bombay , 

0-926 

187-2 1 

143*4 1 •• 

65-2 

2-67 j 

8 

Cawnporc 

0-927 

189-4 

141-4 

0 0 

S-92' 

7 

Bombay . 

0-927 

191*3 

149*9 

0-0 : 


6-20 

4 

Cawnpore 

0-925 

190*5 1 

141-1 



20-02 I 


Madras 

0-928 

192-4 j 

142-9 



4-12 1 

*6 


Stillingia Oil 

Stillingia oil is ol^ained from the seeds of Stillingia sehifera which is 
largely cultivated in (fiina. The seeds contain two kincfs of oil, that in the 
mesocarp yielding Chfcesc vegetable tallow, whilst the kernels yield a drying 
oil which, although not exported to any extent, might be used as a substitute 
for linseed oil. The ’ oil from the mesocarp is described •under stillingia 
tallow on page 299. 

In some cases the seed oil is expressed along with the vegetable tallow 
but in others the seeds are crushed after the vegetable tallow has been 
removed. The seeds contain about ao-23 cent, of a light yellow oil 
resembling linseed oil, although its drying powers, whilst still good, are 
inferior to the latter. When treated ^ the insoluble bromide test consider- 
able quantities of bromides are obuined which melt (according to Sprink- 
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meyer and Diedrichs) at 147®. The oil is strongly laevorotatory, having 
an optical rotation in a 200 mm, tube of —6® to —7'’, The following values 
have been obtained for this oil by different observers 190I1 

20, 261 ; 1914, 33, 1098) : 


Table LXIX.“ Constants of Stillingia Oil 


Observer. 

S.G. 

15 °. 

Acid 

Val. 

1 

' 1 

Sap. Tv/r Iodine 

Val. lvalue. 

1 

Unsap 

%• 

n*". 

Titre. 

• 

Tortelli and Ruggeri . 

0-943 1 

12-2 

2T0‘4 1 0*9 1 160*6 

1-45 

1-4736 

12*2 

Nash 1 0-940 


. . ; . . i6o*7 


1-4765 


Diedrichs .... 

. . 1 1-2 : 209 . i-o 1 155 

i ' 1 1 


1-4763 



SUNFf.OWER-SEED OlL 

• 

Sunflower-seed oil is obtained from the achenes of the common sun- 
flower, Helianthus annuus. The seeds are cultivated on a large commercial 
scale only in Central and South-Eastern Europe 1892, ii, 470; 

1916, 35, 696), although India, China and the United States also produce 
considerable quantities. The seeds are largely used as a poultry food and 
the remainder of the plants might he a useful source of potash. The best 
Hungarian seeds contain 28 to 30 per cent, of oil, which is practically all 
contained in the kernels which constitute nearly 50 per cent, of the seeds. 
Russian and Sudan seeds contain considerably less oil. The cold-pressed 
oil is an excellent edible oil, being largely used as a salad oil and for the 
manufacture of margarine. 

The composition of the oil has been studied by Jamieson and Baughman, 
who examined at length a sample of oil obtained from American seed. They 
found that the oil had fhe following composition ; 


Acid. 


Per Cent. 


Glycerides of 


' Oleic 33-4 

Linolic iSl'S 

Palmitic . . . . . 3*5 

Stearic 2*9 

Arachidic o-6 

Lignoceric 0*4 

Unsaponifiable matter . 1*2 


The oil is pale yellow in colour and has little odour or taste. It dries 
slowly when exposed to the air, but «= very distinctly inferior to linseed in 
this direction. The following characjeristics have been observ^ed by various 
workers : • 
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Table LXX.— Characteristics of Sunflower-Seed Oil 


Observer. 

S.G. 

15°. 

Sap. 

Value. 

1 

Iodine 

Value. 

0 ’ 

Sol. Pt. 
‘’C 

Titre. 

X. 

Unsap. 

0 / 

/0‘ 

Add 

Val. 

De Negri and Fabris . 

0-926 

188- 

189 

119- 7 

120- 2 

1 

1 

1 

-- 

18 

•• 

•• 

> Holde 

0-924 

193 

13 s 

i 

Partially 

solid 

1 -17 

1 


• • 

II*I 

^ Thomson and Dun- 
lop 

0-922’ 

189-3 

I 3 J -3 

i 

1 

T -4669 1 

* * 

0-70 

2-4 

® Imj)crial Institute 

0-924 

0-926 

188- 

194 

120- 

135 

1 

1 

1 

1 ' 


i 

•• 

Thorner .... 


1 193- 

1 

j 129 

1 I -4684 

1 

I? 

- 

-• 


* Jamieson and Baugh- 
man 


1 

iS8*o 

1 

130-8 

1 

1 -4663 

1 

1 1 

1-20 


Other observers . . 

1 

1 0-919’- 
0-926 

1 1917- 

J 93-3 

1 

, 106"- 
136 

1-4683 

1 —16 to 
i ■ 18-5 

1 

j 1 8-20 

1 

b b 

6*2 


^ J S.C.Ly i<S94, 13, 892. Oil c\tra('tecl with petroleum spirit. ® Analyst^ 
1906, 31, 282. ^ iQih, 35, 696. * Analyst y 1923, 48, 126. 

® Apparently rather low, Bolton aiul Rtwis from white seeds. Russian. 

The oil gives no reaction with either Halphen’s or Baudouin*s reagent. 
It is sometimes used as an adulterant of olive oil and as a substitute for cotton- 
seed oil and other seed oils. For the eompooition of sunliower-seed silage, 

J.S.C.l.y 1920, 39, 170A, and for the lipase of suinflow’er seeds see Ibid.y 
J924, 43, B23. I'or ])olymeriscd sunflower oil see IbhLy 1925, 44, B250. 

WALNUT Oil 

Walnut oil is obtained from the nuts of the common walnut Juglans 
iegia, the kernels of ihich contain about 65 per cent, of oil. The fully 
ri[)ened kernels are exlressed firstly in the cold, giving an almost colourless 
clear oil having an agreeable odour and taste which is used as an edible oil 
in some parts of Europe, and secondly in the hot, giving a green oil of un- 
pleasant taste which is used for technical purposes. 

I'he solid fatty acids of walnut oil consist of myristic and lauric acids, 
whilst the liquid acids w^hich largely predominate consist mostly of linolic 
acid (80 per cent.) with smaller quantities of oleic, linolenic and isolinolenic 
acids. The oil yields less than 2 per cent, of precipitate in the insoluble 
bromide test which sorties to detect ^y material addition of linseed oil, a 
possible and likely adulterant. Other likely adulterants are cotton seed, 
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sesam^ and arachis oils, which may be detected by the application of the 
appropriate tests. Poppy-seed oil has also been used as an adulterant, and 
a method has been devised by Bellier for its detection. This method, which 
is given below, is not specific although the indications should not be given 
by a pure oil which is not very rancid. 

In Bellier’s test, i c.c. of the oil is warmed with 5 c.c. of a solution of 
alcoholic potash, containing 16 grms. of potassium hydroxide in 100 c.c. of 
92 per cent, alcohol, until a clear solution is obtained. The test-tube is 
corked and warmed in a water-bath for half an hour to 70°. Then so much 
of a 25 per cent, solution of acetic acid is run in, as is required to neutralise 
exactly the 5 c.c. of alcoholic potash solution (this must be ascertained in a 
blank test). The test-tube is then corked, placed in water at 25° and finally 
in water at 17^-19°, being shaken frequently. Pure walnut oil gives only a 
minute precipitate, which hardly covers the bottom of the test-tube, whereas 
poppy-seed oil yields a copious precipitate. 

The following may be taken as average values for the usual determina- 
tions : Sp. gr. 0*926; saponification value, 192-197; iodine value, 

142-150; refractive index at 40^', i *4690-1 -4705 ; solidification point, below 
— 14°; titre, I4 °-i 6°. (Cf. Pecan oil, page 209.) 



CHAPTER XI 


Soya-Bean Oil 


Source.— Soya-bean oil is obtained from the seeds of Glycine Soja^ 
S et Z., Glycine hispida^ Maxim (other synonyms are known), a plant which 
is indigenous to China, Japan and neighbouring countries. The soya bean 
and its products have been known and used for thousands of years in the 
past, but it was not until 1908 that the first consignment of the beans was 
received in Europe, although for a number of years previous to*this the meal 
had been imported in large quantities. (U.S. Dept, of Agri., Analyst, 
1910, 35, 20.) The seeds contain some 16-19 per cent, of oil, whilst about 
10-12 per cent, are yielded by expression on the commercial scale. (Fellers 
has found 14*6-25 *6 per cent, of oil in 28 varieties of seed.) The following 
remarks by Toch {J.S.C.I., 1912, 31, 572) give an excellent idea of the 
European knowledge of the plant at the lime they were written : 

“ In 1909 soya-bean oil as a paint oil was practically unknown. Since 
that time many investigators have published more or less conflictigff..'’*^'de8 
concerning soya-bean oil, and even the physical and chemical constants of 
soya-bean oil vary to some extent, (fwing to the fact that discordant results 
were continually obtained, it is only within the last year that it has been 
possible to state with some degree of certainty whether soya-bean oil is a 
substitute for linseed otl, an adjunct to it, or neither. The reason for this 
uncertainty and discrepancy is apparent when it is stated that the author 
himself has experimented with 33 different varieties of soya beans, and in 
the records of the Department of Agriculture at Washington no less than 
280 varieties of soya beans are listed. 

“ From time immemorial, the soya bean has been grown in China and Japan, 
where it has served as one of the staple articles of food, and as the basis 
for a number of food preparations. In Europe and the United States, how- 
ever, the value and uses of the bean have been but little appreciated until 
very recently (1908), when, on account of the scarcity in the cotton seed 
supply of the world, soap and glycerin manufacturers began to turn their 
attention to its possibilities. In Manchuria, whereby far the major portion 
of the soya beans are groAVJi, practically the entire crop is available for export. 
The following figures takemrom the Consular Reports will serve to show 
the extent of the soya bean industry during theipasl three years : 


igcK>. 

I 'Jons. 

Total shipments of beans 
from Far East . . . 1,470,870 

Imported into Europe . 400,000 


ignj. 1911. 

Tons. *■ Tons. 

1,200,000 1,500,000 

500,000 , 340,000 


As the above statistics indicate, China and Japan retain for domestic 
consumption practically two-thirds of the available supply of beans. The 
sugar plantations in Southern China and the rice-fields of Japan annually 
consume enormous quantities of soya beans and bean cake as fertiliser, 
while the extracted oil is used as food by the natives. 

“ In connection with the use of,s^ya beans and soya-bean oil for edible 
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purposes, it may be mentioned that there has been recently established at 
Les Vallees, France, a thoroughly up-to-date factory for the production 
of a wide assortment of food products from soya beans. Among tjje more 
important of these may be mentioned : milk, cheese, casein, oil, jellies, flour 
bread, biscuits, cakes and sauces. According to Dr G. Brooke, Port Health 
Officer of Singapore, the soya bean, more nearly than any other known 
animal or vegetable food, contains all the essential and properly proportioned 
ingredients of a perfect diet. 

“ All soya beans are leguminous plants, which do not tend to deplete the 
soil of nitrogen, for the typical soya bean plant is self-nitrifying and grows 
in almost any soil that contains a reasonable amount of potash. In addition 
to this, the soya bean enriches even very poor ground when used as a ground 
manure. This is done by planting the seed promiscuously, allowing it to 
grow to a height of about 6 inches, and then turning it in. In this way both 
nitrogen and potash are given to the soil ff)r future use in an available form. 
The average height of the soya bean plant is about 36 inches. The pods 
resemble those of our sweet-pea. They are about 2^ inches in length and 
are covered with a hairy grow'th. Generally there are two or three beans 
in each pod. After the oil is extracted from the bean the cake appears to 
be very valuable as a cattle food, while the leaves and stalks, if collected 
and set in a dry place, make excellent silage. We thus have practically the 
en tire plant available for use, with the exception of the roots. 

average composition of the soya bean varies within fairly narrow 
limits among the different varieties soya beans.’' 

In the following tabic are listed the analyses of a few of the varieties of soya 
beans : 


Table LXXI. — Analysis of Soya' Beans 






Nitroi.;en 



Variety. 

Water. 

( 

Proteins. 

Fat. 

Free 

Extract, 

Fibre. 

Ash. 

Austin .... 

. 8-67 

3('’59 

20*55 

24*41 

4*00 

5-78 

Ito San .... 

7-42 

34-06 

19*19 

27*61 

5-15 

5-97 

Kingston 

■ 7 'f 5 ■ 

36-24 1 

18*96 

i 26*28 

i 4-79 ' 

6*28 

Mammoth . 

• , 7-49 

32 ’(}9 1 

1 21-03 

i 29-36 

1 4-12 ■ 

5*01 

Guelph .... 

• 7--13 

^•96 i 

1 22*72 

25-47 

! 4-57 j 

.^•85 

Med. Yellow . 

S-oo 

35-54 1 

1 19.;78 

j 26-30 

4-53 

5-85 

Samarow 

■ 7 **i 3 : 

1 

37-82 

20-2‘3 

23-65 

5-05 

5*82 


The later commercial conditions and the various methods used and 
products obtained are w'cll described in th». followirg abstract of a paper 
by Satow (J.S.CJ., 1922, 41, 64A) : 

“ There are upwards of thirty varieties of bean which may be classified 
into yellow, blu^ and black. The first contain most protein and oil, the last 
the least. The protein content varies from 35 to 40-5 pcr'cent. and the oil 
content from 15-4 to 20-9 per cent. The mean analysis of sixteen different 
varieties was : Water, io-2 per cent.; proteins, 37*8 per cent.; oil, 18*9 
per cent.; carbohydrates, 23*5 per cent.; fibre, 5-2 per cent.; ash, 4-4 
per cent. The bean of the Hokkaido contains the most protein and the least 
fibre.. The Korean bean contains much carbohydrate and less protein. 
The beans contain an average of abou^ 5 per cent, of soluble protein and 
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o*oiH)*04 per cent, of non-protein nitrogenous matter. The following 
specification is given for a good industrial raw material : Crude protein 
over 40 per cent, of the dry bean, soluble protein under 4 per cent., available 
protein 38 per cent.; the beans should be yellow or brownish-yellow and 
should contain not more than 13 per cent, of water; sp. gr. i*3o8-i'3io. 
The carbohydrates consist mainly of non-reducing sugars with little or no 
starch. The cell membrane consists of galactan or hemicellulose, with 
a little free cellulose. The presence of the hulls in the crushed bean reduces 
the speed of extraction of the oil and the yield and gives the oil and protein 
a brown colour. The hulls may be easily removed by passing the beans 
through a disintegrator at about 65°. Oil Extraction . — The yield of oil 
is improved by air-drying the beans to a moisture content of about 7-5- 
12*5 per cent, before crushing. Care must be taken not to oxidise the oil. 
Benzine is the most suitable commercial solvent. For efficient extraction 
the conditions are : Complete disintegration of the cellular structure, high 
temperature and agitation during extraction. Steam-jacketed rotary drum 
extractors are satisfactory, but the drum must not be rotated so rapidly 
as to pulverise the beans. The extraction should be repeated with fresh 
solvent not more than three times. Injury to the proteins is avoided by 
keeping the temperature below 45'' and the water content below 13 per cent. 
The solvent must not he recovered by direct steaming of the meal, but 
by the use of a vacuum. An extractor, 5 ft. in diameter and 15 ft. long, with 
a capacity of 5000 lb. of rolled beans, is described, having a specially tlfesigned 
stuffing-box to prevent leakage of solvent, air, or steam. A suitable speed 
of rotation during extraction is 2 r. p.m., each charge of solvent being kept in 
for 1 hour. The solvent can be completely removed from the meal by 
finally raising the vacupm to 29 inches. For the recovery of the solvent 
condensers are used on the vacuum side of the pump, but the exhaust is 
delivered into a trap to catch the condensing solvent and finally passed up 
a tower of coke moistened with vegetable oil or kerosene. The loss of solvent 
is less than i per cent. The solvent is removed from the oil in the usual 
way by steam distillation, and the oil bleached by emulsification with a l per 
cent, solution of sodium peroxide. The emulsion is broken with dilute 
sulphuric acid and the oil allowed to settle or recovered by means of a centri- 
fugal machine. Protein Extraction , — The soluble carbohydrates are removed 
from the meal by washing with very dilute acetic acid. The protein is then 
extracted in three stages, viz., with water, with 0’2-o*4 per cent, sodium 
sulphite solution, and with o*2 per cent, sodium hydroxide solution. 20- 
30 per cent, of the total available protein is extracted in the first stage, a 
further 50 per cent, in the sjjc ond, and the total yield is about 95 per cent. 
In each case from five to eight extractions are necessary. The protein 
extracted in the second stage is suitable for the manufacture of celluloid- 
like articles, but that from the third stage is suitable only for lacquers or 
coating materials, llhe best quality products are obtained by purifying 
by precipitation with sulphurous acid, sulphuric and acetic acids being 
the next best precipitants. Heat rapidly hydrolyses the protein into non- 
precipitable forms and must be rigorously excluded in thQ preparation of 
plastic materials of good quality. The excess water is separated from the 
precipitated proteins by means of a continuous vacuum filter, and then by 
means of hydraulic pressure, the water content being reduced to 55 per cent. 
The protein is finally dried at the lowest temperature and highest vacuum 
and in as short time as possible. The dry protein is very tenacious and 
can only be ground in high-speed disintegrators; it is then suitable for 
the manufacture of plastic materials, Macquer, enamel, or imitation leather. 
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The soluble carbohydrates, which amount to lo-ia per cent, of the meal 
treated, can be worked up into syrup or converted into alcohol or lactic 
acid by fermentation. The bean residue consists of fibre, galactin, and 
protein and can be used for cattle food or as an ingredient of unoleum-like 
products/’ 

Composition , — The composition of soya-bean oil has been studied by 
several observers. Keimatsu {Analyst^ 1911, 36, 513) found la per cent, 
of saturated fatty acids which were chiefly stearic and palmitic acids and 
some 80 per cent, of unsaturated acids about half of which yielded a hydroxy 
acid melting at i58°--i59°. Ordinary linolic acid and oleic acid together 
formed about 15 per cent, of the unsaturated acids. 

Matthes and Dahle (J.S.CJ., 1911, 30, 1124) found the oil to contain 
94^95 por cent, of fatty acids, of which about 15 per cent, consist of saturated 
acids (palmific acid) and about 80 per cent, of liquid unsaturatcd acids. 
The latter were found to consist of about 70 per cent, of oleic acid, about 
24 per cent, of linolic acid, and about 6 per cent, of linolenic acid. They 
found the unsaponifiable matter to be about 07 per cent., of which about 
55 per cent, was a crystalline solid of which 97 per cent, was a phytosterol 
which had M.Pt. 139°. 

Smith {Analyst^ 1922, 47, 400) found that the composition of the mixed 
fatty acids obtained from soya-bean oil having an iodine value of 134 was — 
linqjgnic acid 2 to 3 per cent., linolic acid 55 to 57 per cent., oleic acid 26 
to 27 per cent., saturated fatty acids 9 to 10 per cent. 

Baughman and Jamieson 1923, 42, 149A) have examined the 

mixed fatty acids by methods depending upon the separation of tetrabromides, 
the lead-salt-ether method and the method of alcoholysis. As a result of a 


considerable amount of work they arrive at 
the oil : 

the following composition for 

Acid. 

Per Cent, 

Linolenic 

. 2*3 

Linolic .... 

• 51*5 

Oleic 

• 33*4 

Palmitic .... 

. 6*8 

Stearic .... 

• 4‘4 

Arachidic 

. 07 

Lignoccric . 

0*1 

Upsaponifiable matter 

0*6 


This result of Baughman and Jamieson agrtv'^ fairly w^ell with the previous 
investigators and may be taken as representing an average sample of soya- 
bean oil. Myddleton and Barry'^ {Fats : Natural and Synthetic y page 109), 
have obtained by a somewhat similar method the following results for the 
composition of the ihi’xed fatty acids: Palmitic, 11; stearic, 2; oleic, 20; 
linolic, 64; linolenic, 3. Brightman {J.S.C.Ly 1919, 38, 120T) found that 
a deposit in a refined soya -bean oil consisted of a complex sulphonated 
glyceride. The results of Baughman and Jamieson have been substantially 
confirmed by Wallis and Burrows (y.5.C./., 1924, 43, 838B) using the method 
of Twitchell. These authors have found in the fatty acids: 

Unsaturated acids . . 88 

Palmitic acid ... 10 

Stearic acid .... 2 

Arachidic acid ... i 


'S 
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Tabu LXXIL— Characteristics of Sota-Bean Oil (variods Observers) 


Observer. 

S.G. 

15 °. 

Sap. 

Value. 

Iodine 

Value. 

Sol. Pt. 
°C. 

Acid 

Value. 

R.M. 

*• 

Pol. 


Titre. 

X. 

Unsap. 

per 

cent. 

Fatty 

Acids, 

M.Pt. 

X, 

* Imperial 
Institute 

0-924- 

0-927 

190-6 

192-9 

121 * 3 - 

124*0 

•• 




•• 

•• 


•Oettinger 
& Buchta 

0-925- 

0-927 

192-4 

194-0 

132-9 

135-0 

-8 to 
— 16 

0*0- !0*5“ 
5*2 1 0*6 

. . 

1-4677- 

1-4683 


0-39- 

0-59 


•Keimatsu 

0-927 

190 

132- 

135 

-isto .. ; 

-x 6 , ; 



16 

• 

•• 


* Matthes 
& Dahle 

0-926- 

0-927 

192*3 

i 94’3 

131-3 

I32'6 

-12 j5-7 io-8 
i '‘7 : 

0-8 

i-i 

I *4680 



•* 

* Fellers 

0*925 

190- 

195 

123*2 

132-3 

-- 10-2 : 

2-6 ■ 

1 


I *4686 




Bolton & 
Revis 

0*924 I 190- 
0*926 193 

130- 

136 

1 

. . i 3 or i . . 

: less 


i- 4 (' 7 S 

1*4682 

1 

V. 

26- 

29 


> Analyst, 1910, 35, 20. ^ Analyst, 1911, 36, 358. ® Analyst, 1911, 

36. SI3' " jS . C . 1 ., 1911, 30. 1124.' ‘ y.S.CJ., 1921, 40. 153A. 

* 

The following table compiled by Toch 1912, 31, 572) give! 

the constants for oils from various sources : 


Table LXXl 1 1 . —Constants for Soya-Bean Oils from Various 
Sources (Toch) 


Ndiiic. 

Colour ol Seed. 

Meyer 

1 Brown 

Peking 

1 Black 

Haberlandt . 

' Straw-yellow 

F arnhaiTi 

' Straw-yoifow 
, Black 

Taha .... 

! Olive 
! Saddle 

Mammoth . 

j Straw-yellow 
! Brown 

Edward . 

1 Straw-yellow 

Shanghai 

1 Black 

Refined linseed oil 

i 


Colour of ( )il. 

S)>. {^r. 

Acid 

Iodine 

15^ c. 

Value. 

Value. 


0*9264 

0-44 

127*0 

; Extremely pale^ 

0*9279 

0*14 

135-4 

• 

0*9244 

0*00' 

129*8 

, Pale amber some- 

0*9234 1 0*65 

131-8 

wliat deeper than 
above , 

0*9248 

’ ^ 

0*16 

127-0 

i 

' Pale amber some- 

0*9222 

0*47 

118-2 

what deeper than 
! Meyer, etc. 

0*9248 

0*17 

129-3 

' Med. amber 

0-9257 

1*14 

124*6 

Same depth as pre- 
vious olive lone 

0*9241 

0-63 

127*8 


0'933 

I-O 

180*1 


Properties and Special Tests. — Soya-bean oil is a light-yellow to pale 
brown oil having a slight odour anc^ttste; it deposits no stearine at ordinar 
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temperatures. In its drying properties it stands in the semi^drying class 
and may be ** boiled ” and used for addition to linseed oil as a paint material. 
In the Livache test it gives an absorption of about 8, compared with about 
15 for linseed oil. The oil is an excellent edible oil and has been used in 
quite large quantities in the manufacture of margarine. There is no specific 
test by which this oil may be detected in admixture with other oils, whilst 
the usual colour reactions such as Halphen’s give negative results. The 
value of soya-bean oil usually lies below that of other seed oils, so that there 
is little inducement for adulteration. Cotton seed and sesam^ oils would 
be detected by the Halphen and Baudouin tests whilst linseed, in the 
unlikely event of its presence, would be indicated by an increased iodine 
value and an increase in the insoluble bromide value which is about 7 
(7*8 Eibner and Muggenthaler). Tschudy {Analyst^ 1921, 46, 513) con- 
siders that fhis method may give results differing by +13 to —9 per cent, 
from the actual amount of linseed oil present in mixtures. 

The iodine value of the oil usually lies round about 1 32-135, but in some 
cases (sec table above) lower values than these have been obtained, whilst 
Ingle {J.S.CJ,, 1911, 30, 345) has found oil from greenish soya beans having 
an iodine value as high as 158, but these are, apparently, exceptional cases. 
Low {J.S.C.L, 1920, 39, 550A) found, on one sample, an iodine value of 138-5. 

A colour reaction with uranium nitrate has been suggested for this oil 
b>hS.?^^-imj {Analyst^ 1913, 38, 36) which is carried out by shaking a mixture 
of 5 c.c. of the oil with 2 c.c. of chloroform and 3 c.c. of a 2 per cent, aqueous 
solution of uranium nitrate, an intent^j yellow emulsion is produced, whilst 
other seed oils give no such colour except olive oil which sometimes gives a 
slight reaction. 

Practically the same test has been suggested by*Newhall (Analyst^ 1921, 
46, 94), who further states that linseed oils give a slightly brownish emulsion 
whilst bleached or deodorised soya-bean oils do not give the reaction. 

This test has, hov ever, been examined by Utz (jfS.C.l.y 1922, 41, 222A), 
who states that it fails under many conditions and is not suflicienlly charac- 
teristic to serve for the distinction of soya-bean oil from other oils or fats. 

Dali Acqua {J.S.C.I., 1921, 40, 153A) states that the oil has different 
electrical properties from those of other seed oils, and finds that an electro- 
scope of the Elster and Geitel pattern is discharged in only a fraction of a 
second through soya-bean oil whilst other oils required from 15 to 100 
seconds. 

Brill {J.S.CJ., 1918, 35, 1077) has found that some varieties of soya 
beans, ‘paj'ticularly those grown in Japan, contain a substance which is soluble 
in alcohol and ether, volatile in steam, crys^^allisable, and yields a violet 
colour with ferric chloridj;. This substance, which is probably Brand’s 
maltol {J,S.CJ.y 1894, ^ 3 ’ ^ 9 ^ J 37 ^)» ^ reaction with 

Jorisseiis’ test for salicylic acid (a red colouration wdien the solution is heated 
with potassium nitrite, acetic acid and a tracv, of copper sulphate). 

Hydrogenated Soya-Bean Oil. — Constants for the oil after hydrogena- 
tion have been given by Mellana {J.S.C.I. , 1914, 33, 701), who states that a 
sample of hydrogenated soya-bean oil had M.Pt. M.Pt. of fatty acids 
66°, titre 61-2°, saponification value 190-9, and iodine value 15-2, whilst 
Myddleton and Barry {loc. cit.) found in the fatty acids of a hydrogenated 
soya-bean oil an iodine value of 58 (the original iodine value of the untreated 
oil was 137*9), palmitic acid ii, stearic acid 26, oleic 34, linolic 4, and ** new 
acids of hydrogenation ” 25. 

Sdy Of/.— Tsujimoto and Ueno {J.S.C.L, 1915, 34, 1259) have described 
** soy ” oil and “ sake ” oils. They state that “ ‘ Soy ’ oil is a mixture of 
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80^-bean and wheat oils obtained as a by»product in the brewing of soy 
(yield 0‘2S to 0*3 per cent, by volume). It is a dark red to brown liquid 
or semi-solid mass with an aromatic odour of soy. ‘ Sak6 * oil consists 
chiefly of rice oil and is found floating on the surface after the fermentation 
of sake (yield o-oi to 0*02 per cent, by voL). It is an orange-yellow liquid 
with an odour of sake. Samples of these oils had the following characters: 

Table LXXIV. — Comparison of Soy and Sak£ Oils 



Soy Oil. 



I. 

2 , 

Sak£ Oil. 

Sp- gr. i5°/4° 

0-9000 

0-9835 

0*9031 

Solidif. pt. ° C 

-5 

-13 

Turbid at 0 

Acid, value 

59-24 

55-03 

22*56 

Saponif. value 

184-12 

182-81 

17911 

Iodine value (Wijs) .... 

127-79 

133*22 

101*56 

Refractive index (20^) 

1-4650 

1-4633 

I -4660 

Unsap. matter per cent. 

2-88 

1 

2-72 



Soy oil, which is best refined by rectuction with zinc dust and sulphuric 
acid, followed by treatment with Kambara earth, is a commercial product 
used in the manufacture of low-grade soaps. Sake oil is not yet a com- 
mercial article.” « 

Soya-Bean Mho Oil — Kodama 1924, 43, 564H) has investigated 

the nature of the oil of this Japanese food. He states that “ miso is a staple 
Japanese food made from polished rice fermented with Aspergillus oryzes, 
mixed with steamed soya beans, salt and water. The oil was extracted 
from the dried miso of two different varieties. It had the same odour and 
taste as soya-bean oil and the following characters: d. o-9466-o*947i ; acid 
value, 22 *5 -77 7; saponif. value, 21 1-235 ; iodine value, 117-132 ; Hehner 
value, 93 •5-98*0; Reichcrt-Meissl value, 3 •56-7*46. The decolorisation of 
the oil with animal charcoal materially altered the above characters; the 
iodine value was greatly decreased, and the saponification and Henher values 
were increased, the oil becoming nearly solid. Tne oil shows a greater 
Reichert- Meissl value and a smaller iodine value than soya-bean oil.” ' 

The detection of soya bcan^ in cows’ milk has been studied by Nakayasu 
{Analyst, 1922, 47, 398), who states that ” Soya-lv?an albumin (or bean milk) 
is made in Japan by soaking the washed beans for 10 hours in water, then 
grinding them, and boiling and filtering the product. The filtrate of ‘ soya- 
bean albumin ’ has a sp. gr. of about 1*03, and a sample'examined by Suda 
contained 10-57 of total solids, 2-27 per cent, of fat, 4*88 per cent, 

of albumin, 272 per cent, of carbohydrates, 0*07 per cent, of fibre, and o*6 
per cent, of ash. Unlike rice milk, the bean carbohydrates canViot be detected 
in milk by the iodine test. A sensitive test, however, has been based upon 
the fact that glycinine, the main constituent of soya-bean protein, is soluble 
in alkali solution, and is then readily oxidised on exposure to the air, becoming 
yellowish-brown in colour, whereas casein and lactalbumin do not become 
yellow on similar treatment. If, on treating 10 c.c. of milk with 4 or 5 drops 
of a 28 per cent, solution of potassium hydroxide a yellow colouratibn is 
produced, the presence of soya-bean pfbtein is indicated.” 
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rf p«Mt iSd JWtfc?.* 

the beans to a coarse powder, add a 1 tt ohnve 27° in the presence 

with an equal smount of water „ gejarated and heated 

of sodium bicarbonate and lime. T q P ^ ^ ^03). 

fcr ^ ho™ 5f'r j'! “Sf-C'I'S™ »' •* 

gem, hi! ? a’i'h™ Wte liq"id having a .^y 

a substance which he found to y following composition : 

sweet taste and a faintly-acid cent fit, 3-06 per cent.; 

Water, 88-93 per cent.; dry . starch, 0-57 per 

a^'fS' f" 

on the points mentioned : 
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SEMI-DRYING OILS 
Oil from Balanites Species 

Oils have been obtained from various species of Balanites. These would 
appear to have value as edible oils, and indeed are valued locally, but the 
supply is in most cases small and there would not appear to be much chance 
of their commercial exploitation at the moment. 

The fruit of Balanites (Egyptica is thus described by Lewkowitsch 
quoting Suzzi : The fruit, which is at first green, becomes red on ripening, 
and in its dry state somewhat resembles a date. It consists of a thin, brittle 
shell, enclosing a fleshy mass of gummy consistence which firmly adheres to 
the hard stone; the latter furnishes the kernels. The kernels contain 49*64 
per cent. (Suzzi) to 41*2 per cent. (Milliau) of fatty matter.** 

The Imperial Institute found that the oil consisted of the glycerides of ole ic 
acid 33 per cent., Unolic acid 33 per cent., palmitic and stearic acids 34 per cent. 

Arnold (Analyst ^ 1912, 37, 256)t,has described the East Africa nuts, 
where they are known as Mkonga nuts. He found the Reichert value o*6, 
the Polenske value 0*4, and the iodine value of the insoluble acids 82*9. 

The fruits of B. Maughamia have been described by Sprague and by 
Bolton and Jcssori (Analyst^ 4^, 3) in the following words : “ The 

tree is a native of Portuguese East Africa, where it is said to be abundant 
in the Lebombo mountains, and knowm as ‘ Manduro.* Specimens of the 
tree and fruit have only recently been received in this country, and have 
been fully dealt with botanically by T. A. Sprague in the Kezu Bulletin^ Misc, 
Inform,^ No, 4, 1913, who described the fruit as ‘ a drupe, oblong-ellipsoid, 
to i| inches long, i inch in diameter or rather more, with a deep basal 
depression and a smaller apical one, at the bottom of which are ten scara 
left by the pedicel and stype respectively, longitudinally five grooved in 
the upper part; epicarp, crustaceous; mesocarp, fibrous and spongy; 
endocarp, woody, to 2 inches thick. Seed-coat, buff-coloured.* The 
above parts arc present in the following proportions : 


• 

Epicarp mesocarp«(pulf>) .... 56 per cent. 

Endocarp r 33 

Kernel ii „ 


“ The Imperial Institute, in their Report No. 88, publish some figures 
for the oil from the kernels. Oil is, however, contained in both the outer 
sticky pulp and in the kernels; the latter have a high content of a clear 
pale yellow valuable oil, which is, unfortunately, not likely to^be obtained at 
present on a commercial scale owing to the difficulty of removing the spongy, 
sugary pericarp. The sticky pulp and the olive-green oil which it contains, 
have an overpowering smell of butyric acid, while the kernel oil has only 
a slight butyric odour.” 

The oil from the fruits of B. tieghemi has been described by Hubert 
1911, 30, 497), who states that the yield of fat from the kernels 
is 10 per cent., whilst that from th^ tntire seed is only 2 per cent. This 
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author found 63 per cent, of solid acids and 37 per cent, of liquid acids, 
but his results stand in need of confirmation; particularly the high Reichert 
value of 6*0. 

The analytical characteristics of the various oils as obtained by the above 
observers are contained in the following table : 


Table LXXV.— Analytical Characteristics of Oil 
OF Balanites Species 


Source. 

Observer. 

S.G. 

t 5 *. 

Sap. 
Value. 1 

I.V. 

Sol. Pt. 
°C. 

Titre. 

T. 

M.Pt 

Acids. 

“C. 

Acid 

Val. 

Unsap. 

/o 


'• ORgyptica 

• 

Suzzi 

0*920 

194*1 

105*0 

3 too 

31 

36 

0*9 


. • 

?. mgypiica 

Gordon 

College 


i86-5 

99*2 


. . 


. , 


. , 

B. Qsgyptica 

Imperial 

Institute 

^ 0*919 
! 0*919 

1 

1967 

194-2 

92-5 

98*2 


34-f’ 

34-0 


5-0 

'•4 

0*6 


B. cegyptica 

® Arnold 

I 

0'9i7 

195 -6 

i 

8 

turbid 



8'5 

O’ 07 


B. maughamii 

* Bolton , 
& Jesson ! 

i 


i 

' ' 91 - 5 ; 

1 

i 

! ' 77-5 
100*6 

1 

“I 

1 i 



'57 

2-4 

9-9 

I -4601 

'■463? 

B. tieghemi 

® Hebert 0*908 | 

1 


121*0 

1 

.. 1 


35 

9*4 




^ Analyst^ 1909, 34, 167. Nigeria. “ Sudan. Analyst, 1912, 37, 256. 
^Analyst, 1915, 40, 3. Pulp oil. ^ Kernel oil. ^J.S.C.L^ 1911, 30, 497. 


Beech-Nut Oil 

• 

Beech-nut oil is obtained from the kernels of the fruit of the beech-tree, 
Fagus sylvatica L. The nuts contain 23 fer cent, and the kernels 43 per 
cent, of oil. The cold-drawn oil is used as an edible oil. Beech-nuts 
may contain a poisonous principle, fogin (Vaubel, 1919, 38, 729A), 

which is a trimethyl amine derivative. This is reputed to have caused the 
poisoning of horses fed upon the seed cake and it is recommended that, 
to obtain a wholesome oil, the sound kernels be expressed not later than 
February. Beech-nut cake was suggested by Loncamp 1919, 

38, 841A) asri war-time feed for ruminants as the kernel cake corresponds 
in nutritive value to cotton-seed cake. The toxic effect of beech-nut meal 
was later ascribed by Sabalitschka (J.S,C.L, 1920, 39, 556A) to the presence 
of about 0*5 per cent, of oxalic acid which probably occurs as potassium 
hydrogen oxalate. This may be removed by extracting the meal with about 
five volumes of water for several hours. The cold-drawn oil is pale yellow 
in colour with a slight agreeable smell ; it becomes turbid on cooling. It has 
somewhat inferior drying properties to cotton -seed oil. 
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The following characteristics have been observed : 


Table LXXVI.— Characteristics of Beech-Nut Oil 


1 

Observer. 

S.G. 

15°. 

Sap. 

Value. 

1 

Iodine 

Value. 

Sol.Pt 

°C. 

M.Pt. 

Acids. 

°C. 

Titre. 

°C. 

Acid ! 
Value. 


De Negri and ; 

Fabris . . 1 0*922 

1 

191*1 

I III *2 

-17 

1 

17 


, , 



17 

• • 

0*78 

•• 

Vaubel . . . i 0*910 [ . . 

' 0*917 1 



i 


I *4628- 
1*4641 


^ J.S,C.L, 1916, 35, 261. 


Brazil-Nut Oil 

This oil is obtained from the well-known “ Brazil nuts,” which are 
yielded by the tree BerihoUetia exceht^ largely cultivated in South America. 
The oil is said to be used for edible purposes in the countries of origin. 
The oil has a pale yellow colour with pleasant taste and little odour. It 
readily deposits stcarine^and soon becomes rancid. I’he oil yields no in- 
soluble bromide. The kernels cojitain some 65 per cent, of oil. The 
oil has been examined by De Negri and Fabris, Lewkowitsch and Grimme 
{Analyst, 1911, 36, 21). 


Specific gravity at 15^ ... 0-918 

Solidifying-point ‘^'C --3 

Saponification value .... 193-202 

Iodine value 91-106 * 

Titre test 32 

M.Pt. of acids 28-30 

Iodine value of acids .... 99-108 


The paradise nut {Lecythis ^>Cibucajo)^ tiic tree of which grows extensively 
in Brazil, is very similar to the Brazil nut. Dp Negri has found : sap. 
value 173*6, acid value 3*2, iodine value 71-6, 1*4578, titre 28*5°. 


Oils of Seeds of the Citrullus Species 

The seeds of the water-melon described variously as Citrullus vulgaris, 
Cucumis citrullus and Cucurbit a citrullus are composed of some 35 per cent, 
of husk and 65 per cent, of kernels of w*hich latter about two-thirds is oil. 
T\\e seeds difier somewhat in composition according to the source, thus 
seeds from the Sudan Q.S.C.f., 1916, 35, 1024) yielded only 23*6 per cent, 
of oil calculated on the air-dned product, whilst Power and Salway found 

oil • The extracted oil appears to have a lower iodine value than the expressed 
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only 19*6 per cent, of oil. The oil is of a pale yellow colour with weak 
drying properties and a mellow taste. 

Power and Salway found the oil to consist of the glycerides of stearic 
and palmitic acids (30 per cent.) oleic acid (25 per cent.) and linolic acid 
(45 per cent.). They found a small amount of phytosterol of M.Pt. 163^-164®. 
The oil does not give the Halphen or the Baudouin reactions. The charac- 
teristics of the oil are given in the following table together with those obtained 
by various observers on related oils. (See Analyst, 1925, 50, 462.) 


Table LXXVII. — Characthiustics of Oils from Seeds of the 
C iTRULLUS Species 


Source of Oil. 

S.G. 

15°. 

Sap. 

Value. 

Iodine 

Value. 

Acid 

Value. 

1 

Title, i 
"C. 1 

... 

Unsap. 

per 

cent. 

Sol. 

Pt. 

°C. 

R.M 

Water melon . 

0*923 

189-7- 

191-8 

117*1- 

121*8 

2-4- 

8-4 

3032' 

0*7- 

1*1 



^ Citrullns 
fW^ris 

0-914 

0*922 

194-0 

198-2 

106*0 

1^37 

I ‘4 

32-36 

1-4656 

1-34 

-5 

•• 

Citrullus 

vulgaris 

0*916- 
0*923 , 

195-6- 

198-1 

” 5 - 5 - 

124-3 

> 

1 - 3 - 

17-8 

33 * 0 - ; 
29*2 

4»- 

0 

1 

0*28- 

i 

-5 
— 10 

1 

® Citrullus 
Colocynfhis 

i 

0*929 

i 

1 

00 0 

120- 

129 


27- 1 
29 

I *4682 


-14 

0*^ 

* Citrullus 

naudinianus\ 

1 

i 

1 

1 1 

203-1 

120-3 

1 

i ; 

-- : -- i- 4<>74 

1 

! 4-37 

j 

-7 

1 



^ Described as “ Ikpan-sccd oil.'’ Figures by Imperial Institute and 
Grimme. ^ Ileerinp and Grimme. ^ Grimaldi and Prussia, A., 1910. 
35 * 73 - 

Similar oils have been describe^ by Picraerts (J.S.C.I., 1918, 37, 741A). 
One described as scle is popular among the natives of the lielgian Congo. 
It consists apparently of ^Jie glycerides of oleic, linolic, stearic, palmitic, 
and lauric acids of which the liquid glycerides predominate. ^Phis oil which 
is a semi-drying (pi is an excellent edible oil with good keeping pro- 
perties. A similar oil, known as “ Cocorica,” is obtained from a variety of 
Citrullns vulgaris in the Yangambi district, but the low yield and slow and 
difficult decortication of the seed renders this unsuitable for commercial 
purposes. 


CouMOU Oil 

This oil, also known as Coumou, Batana, or Patavaod, is obtained from 
the kernels of the Brazilian palm-tree, CEnocarpus baiava. It has been 
described by Bolton and Hewer {Afialyst, 1917, 42, 42) in the following 
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way: “ The oil is prepared by the natives from the pulp, and the specimens 
of depericarped seeds examined by the authors were found only to contain 
mere traces of oil. The native prepared oil varies from a pale green to a 
yellowish-green colour and is almost odourless and tasteless. All the 
samples examined were found to be very low in acidity. The oil bears a 
striking resemblance to olive oil, and, save for a distinctly lower refractive 
index and a hardly appreciably lower iodine value, the analytical constants 
are strikingly similar, including its specific gravity of 0*9158. When sub- 
jected to Bellier’s test, as modified by Evers {Analyst^ 1912, 37, 488) it 
behaves in a similar way to olive oil/* 

The oil has also been examined by Grimme {Analyst, 1910, 35, 536). 
The seeds contain about 35 per cent, of oil having the following charac- 
teristics : 


Specific gravity 15° 

Melting-point '^C 

Saponification value 

Iodine value 

Unsaponifiable matter . 
n 

'*!) ........ 

Acid value 

Melting-point of fatty acids 
Iodine value of fatty acids . 


0-925 

- 7*5 

190-5, 191-8 
8o-o, 78-2 

0- 76, i*i per cent. 

1- 4600, 1*4610 
1 - 4 , 1*0 

19-5 

85*3 


The oil of Giiwcaipus disikhus has been examined by Bolton and Jesson 
{Analyst, 1915, 40, 8).* “ 'Bhc fruit of this tree is a subglobose or ovate, 
blackish-brown berry. Beneath the outer, brittle layer is a very characteristic 
fibrous one enclosing the extremely hard seed. A soft brownish-green fat 
of lard-Iike consistency and low melting-point was obtained from these seeds, 
and was found both in the hard seed as well as in tlie fibrous shell.** The oil 
had the following characteristics : 


Saponification value . 

w./" 

Iodine value . 

Acid value 

Unsaponifiable ynatter 


209-2 

1- 4587 

55-0 , 

130-0 

2- 15 per cent. 


Garden-Crfss Oil *• 

Garden-cress oil obtained from the seeds, Lepidium sativum, which con- 
tain about 20 per cent, of the oil, is used to some extent ai an edible oil. 
It is characterised by a high iodine value and a peculiar odour. The oil 
has been examined by various workers, notably Crossley and Le Sueur 
{J,S,C,L, 1898, 17, 9Qi) and Grimme {J.S.C.L, 1912, 31, 500). The 
following characteristics have been observed by these and other workers — 
the oil from the seeds of the water cress {Nasturtium officinals) and the winter 
cress {Barbarea prrccox), which have been examined by Grimme {loc; cit,) 
are added for comparison. , • 
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Table LXXVIII.— Characteristics op Garden*Cress Oil 


zox 



Garden 

Cress. 

Water 

Cress. 

Winter 

Cress. 

Specific gravity 15 *5° 

0*920-0*924 

0*921 

0*921 

Solidifying-point 

—6 to -15 

-5 to -6 

-5 to -7 

Saponification value 

181-186 

170*9 

180 -0 

Iodine value 

130-140 * 

98*6 

137-3 

Refractive index 40° 

1-4645 

1*4632 

1-4677 

Solidifying-point of fatty acids °C. 

22-23 1 

21-23 

21-22 

Melting-point °C 

20-26 1 

24-25 

23-24 

Iodine value of fatty acids . . , . i 

138-145 i 

102*5 

139*2 

Unsap. matter per cent 

1-23 ; 

I*I I 

0*98 


Kapok Oil 

Kapok oil is obtained from the seeds of Eriodendron aufraciuosum, a 
plant which grows in almost all tropical countries. It is very similar to the 
East Indian Tree, Bomhax malabaricum^ the seeds of which are also known 
^■fcfckapok seeds and indeed, in commerce, little if any difference is made 
between the two varieties. Samples of the Indian oil examined at the 
Imperial Institute {Analyst^ 1921, 46,* 196) were, however, found to differ 
somewhat from the Java oil ; the figures obtained are given in the table below. 
The seeds of Bomhax malaharicum usually contain somewhat more oil than 
those of E, Aufractuosum, The Mexican oils are considered to be superior 
in colour to those of the Java oils (S. and D., he, rit,). 

The tree is known as the “ silk cotton tree and even as the “ cotton 
tree,’* and resembles the true cotton plant in that the seeds are embedded 
in a mass of fibrous material which may he used for textile purposes. 
(J.S.CJ.y 1894, 13. 147), but they are quite free from liairs and therefore 
do not offer the same difficulty in regard to decortication as do the latter. 
The wax contained in the fibre has been examined by Matthes and Streicher 
1914, 33, 1215). 

The seeds are about the size of peas and are black in colour, having a 
hard shell which constitutes about 40 per cent, of the whole. The oil con- 
tent of the seeds varies*from about 20 to 25 per cent., the commercial yield 
by hot pressing being about 18 per cent. 7 ’he seeds are lightly crushed between 
rollers and the kernels then separated by means of sieving in a current of air. 

The composition of thj oil has not been studied to any great extent, 
but Philippe has stated that the fatty acids consist of 30 per cent, solid and 
70 per cent, liquid, tjie solid acids consisting principally of palmitic. These 
figures are, however, somewhat doubtful and furtlicr examination of the oil 
is desirable. Matthes and Holtz (J.S.C.l.y 1913, J2, 917) found a small 
amount of phytosterol having M.Pt. 136''. 'I’he fatty acids are stated 
readily to yield lactones on boiling with water. (J.S.C.I.y 7902, 21, 1336; 
1903, 22, 306; 1915, 34, 184.) 

The expressed oil varies in colour from yellow to deep brown and some 
samples deposit a considerable amount of stcarine on standing. The most 
striking property of the oil is that it gives the Halphen reaction even more 
strongly than cotton-seed oil, in fact Besson {J.S.C.Ly 1915, 34 » 184) states 

♦ Lower values have been given dowri to 10 1 but they would appear to be open 
to objection. • 
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that the red colouration produced by kapok oil with Halphen*s reagent is 
about twenty times more intense than that given by cotton-seed oil and that 
the presence of 0*05 per cent, of kapok oil in other oils may be detected by 
this test. The oils may be distinguished (Sprinkmeyer and Diedricks, 
Analyst, 1913, 38, 467) (cf. Analyst, 1903, 28, 40, 320) by means of the 
test devised by Milliau (Analyst, 1905, 30, 98) and modified by Durand and 
Band which is thus described by Mitchell : 

15 c.c. of the oil are saponified with sodium hydroxide and alcohol in 
the usual manner, 200 c.c. of boiling water are added, and the whole boiled 
until the alcohol has evaporated. The fatty acids are then thrown out by 
the addition of N/io sulphuric acid in slight excess. The fatty acids are 
skimmed off, and shaken twice with 15 c.c. of cold distilled water, the water 
being then drained off and the fatty acids dried rapidly in an oven at 105°, 
5 c.c. of these fatty acids are shaken with 5 c.c. of a i per cent', solution of 
silver nitrate in absolute alcohol. Under these circumstances cotton-seed 
oil only produces a barely perceptible brown colour, whilst kapok oil readily 
develops a deep coffee colouration. By means of this test it is possible to 
recognise i per cent, of kapok oil in other liquid oils. 

Besson (he. cit) slates tliat the oils may be differentiated by shaking a 
solution of the oil in chloroform with a 2 per cent, solution of silver nitrate 
in absolute alcohol when kapok oil ghes an almost immediate coffee-brown 
colouration, whilst cotton-seed oil \ields a yellow colouration only after soc^* ‘ 
hours. Besson claims that i per cent, of kapok oil may be detected in cotton- 
seed oil by this test, whilst as litlle as 0'..5 per cent, of kaj)()k oil may be detected 
in oils such as olive, sesame, etc., which give no reaction by means of this test. 

The following constants have been obtained by various observers. The 
oils from varying sources have been distinguished as far as possible. 


T.'iBLE LXXIX.— Constants of Kapok Oil 


Observer. 

So 111 re. 

E. aufrac- 
tuosum 

S.<r. ' Scip 1 Jod. 
15°. i Val. Val. 

! 


Titrc. 

26-9- 

3>-8 

Ac]d 

V’dlue. 

R.M. 

Pol. 

M.Pt. 

Acids. 

"C. 

” Sprinkmeyer 
and Diedrichs 

0-924 j 189-2 1 85-2 
<^•933 ! 194 5 1 93 \S 

I -4605 
1 - 4^57 


*■ 

•• 

•S.andD. . 

B. maid’ 
haricum 

' ! 1 

0 ' 930 : ‘ 94 - 3 , 73 -<>1 i-- 13 f' 9 ' 

; . i ! i 

3-0 


•* 

•• 

Matthes and 
Holtz 

E. avfrac- 
tuosiun 

! " : •] 

'0-9221 192-3 1 <S8-7 1-4630 
=0-920 196-3 i 93-3 1 . . • 

: i 94 - 5 j 

.. 

• 

21-6 

1 3-4- 

4*6 

O-I 

O-I 

0-3 

‘34-36' 

S.andD. . . 

! 

'^Bombax 

Speem 

1 

-- ' 192-8:95-7 1-4642 

! i 1 

28-0 

12-6 

0-6 


31-2 

1 

® Imperial 
Institute 

, B . Mala- 
bariam 

; , 1 

0-921 i 193*3 1 78-0 ! 1-4610 

' ' M 


9'3 

0-0 

O'S 

- 

^Georgii . . 

E . aufrac’ 
tuosum \ 

; , 1 

0-9181 191-0 I 94-3 1 .. 

: 193-3198-11 

28-4 


.. 

•• 

- 


1 Expressed oil. J.S.C.I., 1913, 32, 917. “ Extracted oil. * Different 
from the true kapok seed. “ Mexican kapok.*’ J.S.CJ., 1913, 32, 1118. 
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• Unsaponiiiable matter, o «-x * Fhis author gives the following 

figures for the composition of the Java seeds. (J.S.C./., 1923, 42, 462A); 
yield of oil from undried seed, 16*8-22*1 per cent.; yield from dried seed, 
i9*4-24-4 percent.; husk, 43*2 per cent.; kernel 56*8 per cent.; oil content 
of kernel 40 per cent. The extracted cake contained 3*98 per cent, of 
nitrogen. ® Analyst^ 1921, 46, 196. ® Analyst, 1913, 38, 467. 

A sample of hardened kapok oil has been examined by Mellana 
1914, 33, 701) who found that the product had M.Pt. 55° ; titre, 48® ; saponi- 
fication value, 19 1 ; iodine value, 32 ; 1*4538. 

Lemon-Seed Oil 

Lemon-seed oil is obtained from the large quantities of the seeds of the 
common lemon which are a by-product of the production of pickled peel, 
essential oil and citric acid. I'he seeds are roughly dried, ground and 
extracted as expression does not remove more than a small quantity of the 
oil. (Bertolo, J.S.CJ., 1921, 40, 153 A.) The seeds usually yield from 
30 to 35 per cent, of oil ; the kernels contain some 50 per cent. The expressed 
oil is clear, but the extracted oil is turbid, and gradually deposits considerable 
sediment consisting largely of solid, saponihable substances; the oil retains 

« ronounced odour of lemons and a somewhat bitter taste; it has a dark 
ow colour and a green fluorescence, which is not removed by repeated 
washing with hot water or dilute sulplj^iric acid. 

According to Bennett {J.S.C.L, 1922, 41, 639A) the oil is of a clear orange 
colour when obtained by cold extraction, but much darker when prepared by 
hot extraction. 

The oil has not been examined at length but it probably consists of 
palmitic, stearic, oleic and linolic acids. Characteristics for the oil have 
been determined by various workers; these are placed in the following table. 
The oil is a semi-drying one which does not give the Halphen reaction. 

Table LXXX. — Constants of Lemon-Sei:d Oii. 


Observer. 

b.G. 

15 * 5 ". 

Sap. 

Value. 

Iodine 

Value. 


Acid 

Value 

V 

K.M. 

Tol 

Titre. 

°C'. 

M Vi of 
Acids. 
^C. 

i 

■ ! 

^eters and 
Frerichs . 


•i 

188-4 

109-2 

.G* 


Diedrichs. 


196 

1 . 97*3 

i 1-4659 

1-8 

0-6 j 

! 0*3 




3 ertolo 

0 * 921 ^ 

"ijp 

103 

1-4669 

1 5 *^ 

i 

1 

. . 

35-38 

41 

- 


0 - 923 ^ 

191 

108 

: i 

i 

j 




to - 

Bennett . 

1 0*923 

* 

189 j 

109 1 

• • 1 23-0 

.. 1 .. 

i 

31*9 




1 j.s.cj,, 1903, 22, 102. 2 y.s.c.L, 1921, 40, 153A. ® y.s.c.L, 
^914* 33 » 1098. ® Expressed oil. ® Extracted oil. ® J.S.C.I., 1922, 
41, 639A. 

The composition of lemon peel and lemon seeds has been investigated 
by Mach and Lederle {J.S.CJ,, 191^^,37, 105A) — the figures obtained by 
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this worker together with those obtained ^r the similar product of the orange 
are given in the following table: 


Table LXXXI. — Composition of Orange and Lemon Peel and Seeds 

(Mack and Lederle) 



Water. 

Crude 

Protein. 

Ciude 

Fat. 

Nitrogcn- 
frcc Ex- 
tractives. 

Crude 

Fibre. 

Ash. 



,, 

0 ' 

r» ' 

0 / 

"/o 

Orange peel 

19-30 

4*66 

1*92 

62*67 

8*12 

3-33 

Lemon peel ... 

14-03 

7*01 

1*56 

6i-i6 

II *80 

4-44 

Lemon peel ... 

15-32 

6*56 

2*17 

1 56*66 

14*00 

5 29 

Orange pips 

6-82 1 

1372 

33*37 

1 31*22 

11*30 

3-57 

Lemon pips ... 

8-23 j 

18*25 

1 

34*30 

22*21 i 

1 

14*35 

2-66 


Maize Oil 

Source . — Maize oil (largely described as corn oil in the United 
and elsewhere) is obtained from the seed of the maize plant, Zea mays. 
Practically the whole of the oil is oinitained in the germs (which contain 
more than 20 per cent, of oil) whicli are by-products in the manufacture of 
maize starch and glucose syrup. These are the main source of the oil, 
although a certain proportion is still obtained from the fermentation vats 
in the manufacture of alcohol where the oil rises to the top and may be 
ladled off before distillation of the alcohol. This fermentation oil, however, 
is usually very dark and has a very high acid value with characteristics 
different from the oil obtained by expression. Edible oils are obtained 
entirely by expression. Lewkowitsch states that the dry'^ germs contain 
53 per cent, of oil, but this is the amount of oil in the completely separated 
germ, and other writers using the commercially separated material give 
considerably lower results. (Cf. Wagner, 1909, 28, 342). The 

germs are separated by mechanical means and then pressed in a hydraulic 
press in the usual way. {Q{. J.S.C.L, 1921, 40, 192A, 823A). Sievers and 
Shrader (J.S.C.l.y 1922, 41, 473 A) have given methods for the production 
of an edible oil from the crude oil, whilst 'rhurrnan {J.S.C.l.y 1923, 42, 
561A) gives an account of the losses taking place during refining. 

Sievers (J.S.C.l.y 1922, 41, 507A) has carried out an investigation on 
the comparison of the oils obtained by expres 5 >ion and benzol extraction, 
the extraction method being used both on the germs themselves and on the 
press-cake. He found that there were no striking dificfences in the physical 
and chemical constants of the oils from the two types of germs by the two 
different methods of extraction. No material ditlerence could be noted in 
the finished oils from the germs immediately after their preparation, but 
upon standing, some deterioration took place, and this was more noticeable 
in the extracted oils than in the expressed oils. All oils were sufficiently 
light in colour for use as salad oils and for cooking purposes. The oils 
obtained by benzol extraction of the two types of oil cake were inferior in 
all respects to the oils from the germs, that from the cake from the wet- 
process germs being the poorer of the two. 

Coynposiiion. — I'he composition o^ maize oil has not been dealt with by 
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mote than a few workers. Lewb^witsch states that the unsaturated acids 
consist of a mixture of oleic and linolic acid and quotes Vulfe and Gibsen 
as stating that the saturated acids consist of palmitic, stearic, and arachidic 
acids. Hehner and Mitchell (Analysty 1896, 21, 328) did not detect stearic 
acid by their method. Leathes (The Fats^ London 1910, p. 15) reports 
the presence of hypogieic acid in the oil. 

The composition has been thoroughly dealt with recently by Baughman 
and Jamieson (Analyst^ 1922, 47, 171), who find for a sample of expressed 
oil the following composition : 


Acid. Per Cent. 

Oleic .... 45*4 

Linolic . . . .40*9 

Palmitic . . . 77 

Glycerides of Stearic .... 3*5 

Arachidic ... 0-4 

Lignoceric . . . o*2 

Unsap. matter . . 17 


99-8 


At one time it was considered that^maize oil offered a distinction from 
other vegetable oils in that the unsaponifiable matter contained cholesterol. 
Gill and Tufts, however (J.A.C.S.^ 1903, 25, 251) found that the sterol 
had M.Pt. 138^ and that the acetate had M.Pt. 127*^. Jydnig and Schluckebien 
found these M.Pts. to be 140*4'^ and 137 ' respectively, whilst Steuart (Analyst ^ 
1923, 48, 158) found that the crude acetate had M.Pt. 130° which fell to 119® 
after the third crystallisation. This last observation throws more than doubt 
on the utility of the suggestion of Gill and Tufts to use the M.Pt. of the 
acetate as a means of detecting maize oil in cotton-seed oil, the phytosteryl 
acetate of the latter having M.Pt. 12 1*" (Steuart found 125*5^' — ^22*5° — 
122*5® — in successive crystallisations). Anderson and Moore 
(Analyst y ^923, 48, 556) find that the sterol is a homogeneous substance, 
identical with sitosterol and free from stigmastcrol, with M.Pt. 137*5'^, 

- 34*34°, and forming an acetate wnth M.Pt. 127®. Anderson in a later 
paper (Analyst, 1924, 49^ 399) finds that the unsaponifiable matter from the 
endosperm of maizx contains at least two sterols. He confirms the presence 
of free phytosterol with M.Pt. i37*5® [a], “^-^2*2 forming an acetate with 
M.Pt. 127®, but finds further that after saponification the unsaponifiable 
matter may be divided into Arce parts: (i) optically active dihydrositosterol, 
C27H470H*H20 (M.Pt. 138-139) which when dried had M.Pt. 140®- 141®, 
[a],,*** +25° and formttl an acetate with M.Pt. 13S'' and + 14*41°; (2) 
The ordinary sitosterol; and (3) a brownish-yellow cily substance which was 
not further examined. 

It seems m«st probable that the different results so far obtained when 
working on the sterols of maize oil may be due to the extraction of varying 
proportions of phytostcrol and sitosterol by variations in the method of 
preparing the oil. The subject is in need of extended investigation. These 
later investigations throw considerable doubt upon the statement of MTher- 
son and Ruth (Analyst, 1907, 32, 329) that the phytosteryl acetate test will 
detect as little as 2 per cent, of maize oil in lard. 

Maize oil contains i*i to 1*5 per cjp,t. of lecithin. 
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Table LXXXIL— Analytical ^ Oil (various Observsb 


Observer. 

S.G. 15". 

Sol. Pt. 
^C. 

Sap. 

Value. 

1 

Iodine 

Value. 

R.M. 


Acid 

Value. 

Titre. 

®C. 

Unsap 

per 

cent 

Mitchell 

0*921- 

“10 to 

i 

186- 

” 5 - 

4 -* 


i 


1 - 4 - 


0-927 

“12 

193 

128 

4 -S 




1-7 

Leach . . 

0-921- 

i . , 

188- 

III- 

4 -S* 

1-4673 

1-3- 


1 - 7 - 


0-926 


193 

130 



2-9 


2-1 

Fryer and 










Weston . 

0-921- 


190- 

II5- 


1-4655- 

6 

18-19 

»-s 


0-927 


193 

125 

1 

1*4663 




Lewkowitsch 

0-927 


191-9 

I 2 I- 


1*4678 

. .• 

19 

1-35- 



1 1 


i 130*8 





2.32 


Rabak {Analyst^ 1920, 45, loi) has examined the effect of mould, growing 
upon maize, upon the characteristics of the oil. The maize was inoculated 
with Penicilliutn and samples were taken at intervals during a period of ninety 
days. The results of the examination of the oils obtained from the various 
samples arc given in the following table, No. i representing the original 
sample and No. 5 that after the ninety days. • 

Table LXXXIIL— Analysts of Maize Inoculated with Penkillium 



Yield 

; j ! 

Acid ' ; S.'ipon. Iodine 1 p tij 

Sol. 

Insol. 

Acetyl 

Unsap. 


cent. 

Value. , Value. | Value, j 

Acids. 

Acids. 

Value. 

per cent. 

1 . . 

5-58 

! j 

13*6 ; 190*3 1 121*0 : 12*8 

1-3 

■ ' 

93-6 

i 5‘3 

4-13 

2 . . 

4-33 ! 

46*7 ' 191*7 ! 121*3 ' 2*95 

1-5 

90-5 

10*6 

9-9 

3 - • 

2*67 

84*6 192*4 1 120*4 I 2*23 ; 

3-28 

92-3 

61*1 

10-8 

4 • • 

2 *06 

68*7 j 185*1 1 119*0 2*92 

2-35 

91-7 

28*4 

15-3 

5 - - 

2*02 



72*1 j 126*6 96*6 i . . 

' : i 

4-05 

* • 

68*4 

25-4 


It is somewhat difficult to see why such a large fall in the Reichert value 
causes a considerable increase in the percentage of soluble acids, it seems 
likely that “ i2'8 ” should read “ 1-28,’' but even so the Reichert figures 
and the soluble acid figures are difficult to reconcile. 

Properties and Special Tests . — The oil is of a bright golden yellow colour 
having a distinctive odour and flavour of grain. On accvwnt of this somewhat 
aggressive flavour it is frequently mixed with cotton-secd and other seed oils 
when used as a salad oil. The oil is of the semi-drying type having some- 
what better drying properties than cotton-seed oil (ArcljJbutt, J. 5 .C. 7 ., 
1899, 18, 346). 

No special tests have been described for the oil which gives no reactions 
with Halphen’s of Baudouin^s tests, whilst the presence of cotton-seed oil 
will increase the titre. The oil gives no precipitate in the insoluble bromide 
test. 

• Old figures obtained from fermentation " oil. The pressed oil givjes an 
almost negligible figure. ^ 
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Mai2e oil has been used froiimime to time for the adulteration of other 
oils* For its detection the iodinS value may be of some assistance, whilst 
the presence of lecithin, as shown by a high proportion of alcohol soluble 
phosphorus, would be, in the absence of other lecithin containing substances, 
confirmatory evidence. The hydrogenation of maize oil has been discussed 
by Reichert and Trellcs (J.S.CJ., 1921, 40, S51A). 

Melon-Seed Oil 

» Melon-seed oil is obtained from the seeds of Cucutnis meloy which are 
used for edible purposes on parts of the West Coast of Africa. The oil 
is also known as Cantaloup-seed oil. Lewkowitsch quotes some results 
by Lidoff on a melon-seed oil which is obtained by expression and which 
is used as an edible oil in Soiith Russia with the suggestion that they appear 
unreliable. The seeds contain about 40 per cent, of oil. 

The composition of the oil has been studied by Baughman and his co- 
workers {Analyst y 1921, 46, 51), who consider that the oil* is composed 
of myristin 0*3, palmitin 10*2, stearin 4*5, olein 27*2, linolin 56*6 and un- 
saponifiable matter i*i. The oil gives no deposit in the insoluble bromide 
test and belongs to the semi-drying class. Characteristics obtained by 
various workers are contained in the following tabic which also includes 
■ some figures obtained by the Imperial Institute on the oil of Cucumis chafe 
■^oVid some by Hopper on that of Cucumis sativus as well as the figures obtained 
for C. melo by Lidoff. 


Table LXXXIV. — Characteristics of Melon-Seed Oil 


Source. 

Authority . 

S.G. 1 Sap. 
15'’. 1 Value. 

1 

lodrne 

Value. 

Acid 

Value. 

Ueichort. 

6 

-bo I 
: 

C. melo . 

Fendler f 

• • i 193-3 

101*5 



36 


Baughman 

0*927 192*3 

125*9 

0*4 

0-3 



Lidoff 

0*928 . 190*5 

133-3 

.■4 



C. Chute 

Imperial [ 

1 

i 





Institute : 

0*924 187- 

117- 


1 

30-3 


# ; 

192 

128*5 


1 


C. sativus . 

Hooper j 

0-924 195-2 

117-6 


1 

0*5 ' 

35-5 



0-923 196-9 

1 18 *5 

II -5 

0*5 i 



Black MusTAitD-Si:ED Oil 

Black mustard-seed oil is obtained from the seeds of Sinapis nigra. The 
oil closely resembles white mustard-seed oil (obtained from the seeds of 
Sinapis alba) and colza oil in composition but both mustard-seed oils are 
distinguished from colza by the pungent odour of volatile oil of mustard. 
Mustard-seed oil is used for burning and lubricating, but in India the highly- 
refined oil is used for edible purposes. I'he oils have been examined by 


* ^cetyl vakie 15 8, Polcn-ske o-j, unsapuii. matter I'l per cent., 1-4652. 
t Sol, Vt . 5-5^ M.Pt. 5° 
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Blasdale ( J , S , C . L , 1896, 15, 206), v^rossEy and Le Sueur { J . S . CJ ^ xSoS, 
17* 99z)t Grimme 1912, 31, ^7), Huber and Van der Wiehm 

Q , S . CJ.f 1915, 34, 1259), Raynes (Analyst, 1918, 43, 216), and other workers. 
The characteristics given in the following tables are taken from these results — 
the figures of Huber and Van der Wieber are of sufficient interest to give 
their table complete, which is as follows : 


Table LXXXV. — Characteristics of Black Mustard-Seed Oil 


Origin of Seed. 

No. of 
Seeds in 

I grm. 

Volatile 

Oil 

per cent. 

Fatty 

Oil 

per 

cent. 

Sp. Gr.| 

15 “. 

1 

Ref. Ind. 
22°. 

Iodine 

Value. 

• 

Sap. 

Value. 

Dutch 

1125 

1-23 

25-7 

0-923 i 

1-4731 

126 

183 

North Holland . 

976 

1*15 

28*0 

0-921 1 

1-4724 

124 

187 

English . 

630 

1-07 

31*4 

0-920 

1-4719 

I 19 

182 

Russian . 

362 

0*63 

i 37-0 

! 0-921 1 

1*4725 

120 

189 

Caucasian 

1690 

1*07 

: 29-8 

i 0-919 1 

1-4712 

113*5 

190 

Italian 

910 

0-87 

' 32-5 

1 0-919 j 

I *4720 


i88-5 

Sicilian . 

964 

0*94 

32-9 

: 0-921 j 

1-4721 

”4*5 

187 « , 

Rumanian 

490 

0-66 

357 

0-921 

1-4714 

120 

190 

Bombay . 

292 j 

1*07 

•33*5 

' 0-920 1 

j 

I -4721 

119 

183 


Bi ACK Mustard Seed. White Mustard Seed. 


Specific gravity 15 ■5'' , . . o-9i6-o-920 

Solidifying-poirit ‘^C. ... —15 

Saponification value . . . 174-180 * 

Iodine value 115-126! 

I -4655-1 -4670 

Titre 6-8 

Iodine value of fatty acids . 1 15-120 

Iodine value of li(juid fatty 

acids 120 


0-9I2-0-9I7 

— 16 
171-178 
98-108 
• 4650 - 1*4660 
9-10 
no 

103 


Oii\NGE-SECD Oil 

« 

Orange-seed oil is obtained from the seeds of the common orange, Citrus 
aurantium. They may be obtained as a residue in the dried peel and essen- 
tial oil industry and also from the manufacture of marmalade. The seeds 
consist of about 55 to 60 per cent, of oil. The oil differs to a certain extent 
in its physical properties according to its age, a sample examined by Hewer 
(Analyst, 1917, 42, 271) being clear and almost odourless and tasteless (the 
bitter flavour increased rapidly on keeping), whilst BrewS found that a 
sample had a strong odour of the essential oil. For the composition of 
orange seeds and peel see under Lemon-Seed Oil, page 204. For details 
of the Osage orange (Madura pomiferum) see J.S.C.I., 1914, 33, 544; 1915, 
34, 840. 

* Cf. the figures of Huber and Van der Widen, 
t Earlier observers gave^H),uch lower results 96-110. 
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The following characteriouw^ been observed : 


Table LXXXVI.— Characteristics of Orange-Seed Oil 


Observer. 

S.G. 

Sap. 

Value. 

Iodine 

Value. 


Tit re. 

M.Pt. 

Acids. 

Acid 

Value. 

tJnsap. 

per 

cent. 

lodim 

Valu< 

of 

Acids 

^ Meyer . . 

0-923 

229 

104 

1-4638 

35 

40 

38-3 


* • 

* Diedrichs . 

0-925 

196-4 


I -4642 

34 

39*5 

0'5 


100*4 

* Hewer , 

0-921 

1937 ! 

100-3 

1-4643 

34 


' 0-6 


•• 

® Brewis . 

0-922 1 194-6 i 97-8 

1 1 

1-4645 

" 1 




•* 

^Kobayashi . 

^ 0-922 i 195*1 ; 100-4 
® 0-920 1 192-7 105-3 

i 1 

1-4647 

1-4649 

29-30 

1 34 

34 1 

40-41 i 

5*0 

0-9 

1-28 

1*22 

102*4 

105-9 


^ Chem. Zeit^ i903» 27, 958. ^ J,S.C.l.^ i9i4> 33 » 1098. ® Analyst, 
^'i9i7, 42, 271. * y.S.C.L, 1919, 38, 294A. ^ Citrus aurantium, L. sub. 
sp.junos, Mak. The Citron. ® C. aurantium L. sub. sp. sinensis Engl. The 
Chinese citron. * 

Pecan Oil 

Pecan oil is obtained from the pecan nuts, Juglan§ nigra, which are culti- 
vated in North America for edible purposes. The nuts, according to Deiler 
and Fraps {Analyst, 1910, 35, 134), contain 47 per cent, of kernels, which 
latter 3deld 70 per cert, of oil to ether. The oil is stated to be of a light straw 
colour having a pleasant odour and taste and somewhat closely resembling 
olive oil. It is a non-drying oil containing, it is stated (D. and F.), no 
saturated acids. The following characteristics were determined : 

Specific gravity at 15^^ 0-9184 

Saponification value 198-0 

Hiibra iodine value io6*o 

Volatile acids (Reichcrt-Mcissl) .... 2*2 

Acetyl value i*i6 

Insoluble fatty acids . . 93-4 per cent. 

Lecithin 0*5 ,, 

Cholesterol • • , 0*28 ,. 

The nut Juglatis sieholdiana has been examined by S. Higuchi (J.S.C.L, 
1916, 35, 262), who^ound that the kernels contained 62 per cent, of oil. 
He describes the oil as colourless having a slight agreeable smell and taste. 
It is a drying oil and is used for wLite paint by artists. The oil, which 
is known as onigurumi oil, was found to have the following characteristics : 


Specific gravity at 15^ . . 0-928 

Acid value 0-5 

Saponification value . . . . 187-5 

Iodine value i53*7 

Reichert value 4-9 

M.Pt. of fatty acids °C. . . . 28 


Iodine value of fatty acids . . •150-6 (cf. Walnut Oil, page 186). 
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This oil is obtained from the seeds of the pumpkin, Cticurbita pepo^ 
which grows freely in all warm climates. Of the whole fruit the seeds and 
rind consist of about 6o per cent, of the whole. The seeds consist of about 
25 per cent, husk and 75 per cent, kernels. The oil content of the seeds is 
somewhat variable, figures as low as 25 per cent, having been found, but as 
a rule the percentage of oil in the seeds is about 35, whilst that in the 
kernels is about 45. 

The seeds as usually obtained are wet and must first be dried thoroughly, . 
which drying may have some effect on the constants of the oil. In some 
cases the dried seeds are crushed and extracted with, say, petroleum spirit 
(J.iS.C./., 1918, 37, 474 A), when about 40 per cent, (on the dry seeds) of a 
green oil is obtained. Edible oils are better obtained by pressing in the 
cold when a green oil is obtained, having a pleasant odour and taste. 

The composition of the oil has been studied by Power and Salway who 
found the oil to consist of the glycerides of Jinolic acid (45 per cent.), oleic 
acid (25 per cent.), and palmitic and stearic acids (30 per cent.). They 
found small quantities of a phytostcrol which melted at 162^-163“ and another 
which melted at 140^. 

The oil is said to be frequently adulterated with linseed, cotton seed, 
sesame and rape oils. The most useful tests to apply would be iodine 
value, Ilaiphen and Baudouin tests, and possibly saponification value. I'hc 
oil gives no precipitate in the insoluble bromide test. The oil has the 
following average constants : 

Specific gravity 15'' . 0'1)20-0'L)2^ 

Solidifying-point ' C. . — 16 

Saponification value . 188-190-5 

Iodine value .... 1 20-1 30 

1-4668-1 -4685 

The oil from the Indian pumpkin and that from the Indian squashed 

gourd {Cucurhita maxima) liave been examined by Hooper; he obtained the 
following results; 

Pumpkin (Iuukd. 

S.G. 15'" . . 0-926-0-938 0-926 

Sap. value . . 195-7-196-2 i97’i 

Iodine value . 126-0-129-6 i33'4 

Reichert value . 0-4-0 -5 • 0-7 

Titre test “C. „ 31-32 38 

ToMATo-Si-En Oil 
# 

Tomato-seed oil is obtained from the seeds of the tomato plant, Lycoper- 
sicum csculentum, AlulL, w^hich are a waste product of the tomato canning 
industry in Italy and the United States. Accomazzo (j.S.C.Lj 1911, 30, 95) 
states that in the province of Parma in Italy in 1908, 3000 tons of the dried 
seeds were available, wdiich yield iS per cent, of oil on cold pressing and 
20 per cent, by extraction. (Cf. Shrader, 1920,' 39, 131A, who 

states that the seeds amount to about 0-5 per cent, of the fruit.) 

Rabak {J.S.C.L^ 1918, 37, 70A) in a long report to the U.S. Department 
of Agriculture states that in the preparation of tomato pulp the fresh tomatoes 
are washed by a stream of whaler under pressure, then cooked with steam, 
and pulped in a cyclone machine which separates the seeds and skins; or 
a cold process is used in which, after removal of the ‘ culls * the washed 
tomatoes pass directly to the cyclou^ machine. It is estimated that in the 
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U.S.A. about 300,000 tons of tcynatoes are annually pulped, and that the 
moist waste amounts to about 16,000 tons, corresponding to approximately 
3300 tons of dry waste, yielding about 1500 tons of dry seeds and 1800 tons 
of dry skins. This estimate is based upon the data that American tomatoes 
yield on the average 0*52 per cent, of dry seeds and o-6i per cent of dry 
skins. In Italy the wet seed and skins are pressed and then dried in a 
desiccating machine heated by means of steam pipes and containing hori- 
zontal conveyors. About 10 tons of the residue is dried in 24 hours, and 
the seeds are then separated from the skins in a machine containing a series 
of sieves and fans. The yield of oil from the seeds by extraction with ether 
or carbon tetrachloride is about 22 per cent, of the ground seeds. The 
extracted oil contains more impurities than the expressed oil, and in the 
crude state has a slightly rancid odour and a slightly bitter taste, but it can 
be readily ‘deodorised by the action of steam, and to a large extent decolor- 
ised by treatment with Fuller’s earth and filtration. Under the present 
conditions about 343 tons per annum of tomato-seed oil would be available 
in the United States. Experiments have shown that the oil has a digesti- 
bility value of 97, which compares favourably with the value of olive, almond 
and cotton-seed oils. It would be useful as a culinary and salad oil and 
would probably yield a satisfactory hydrogenation product for margarine. 
By cold saponification with causiic soda it yields a soap of good texture 
with excellent lathering properties. 

The oil is of a pale yellow colour having a pleasant nutlike odour and 
taste. It has pronounced drying pro/^erties of the order of those of cotton- 
seed oil. The composition of the oil has been studied by several workers. 
Battaglia found the fatty acids to consist of rnyristic, stearic, oleic and linolic 
acids whilst Rabak (loc, cit.) found palmitic but «iot apparently rnyristic. 
Jamieson and Bailey {Ajialyst, 1919, 44, 373) state that the Renard test 
indicates the presence of a cjuantity of arachidic acid, but that they were 
only able actually to isolate 0 4 per cent. 

The following characteristics have been observed by various workers: 


Table LXXXVH. — Ciiailvc teristk s of Tomato-Seed Oil 


Obbervei . 

vS.C) 

Sap 

\al. 

lo'lllic 

Val. 

S(.l. Dt. 

T. 

! 

Reichert. 


^ Kochs 

' 0*920 

i8.v6 

117-8 

- 9 to 

- 12 

0-2 

1-4678 

2 Battaglia 

0-(^22 

190-4 

106-9 

i 


1-4675 

Accomazzo 

0-920 

184 

118 


i 

1 •• ! 

1 

! 

* Rabak 

, ! ^ 0-CJ24 

1 

188-6 i 

1 

IT4-2 

- 10 

1 

1 

I -4661 

® Jamieson an J Bailey 

. 10-924 ; 
0-925 : 

187*0- 1 
192-0 

117-5 

125-0 


® 0-1 to 



^ Analyst^ 1908, 33, 423. M.Pt. of fatty acids 26-29, unsaponifiable 
matter 2*68 per cent. - Ann, Chem, Anal.^ 1901, 6, 437. ® Calculated 
from 0-9184 at 24°. * Iodine value of liquid acids 130, acid value 2*5, 

titre' 20‘5-2i‘5. ® Nine samples of U.S. oil. ® Polenske 0-4--0-6; acetyl 
value i0'0“20'5. • * 
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Cotton-Seed Oil 

Source. — Cotton-seed oil is obtained from the seeds of various varieties ^ 
of the cotton tree, Gossypium, There is some confusion in regard to the ' 
botanical classification of the different varieties, but it is generally conceded 
that American “ Upland ” cotton is derived from G. herbacecum or G. 
hirsutum^ which are considered by many observers to be synonymous. 

“ Sea Island ” cotton is probably derived from G. harbadense: Egyptian 
cotton is obtained from various varieties of C. barbadense, Indian cotton is 
probably derived from G. arboreim and G. hetbaceciim (with possibly some 
others) whilst Southern American cottons are derived from G. brasiliense 
(Brazil) and G. peruviamm (Peru). 

Cotton-seed oil is expressed and used in large quantities in several 
European countries, but in some ways the oil may be looked upon as typical 
American. The following extract from Some American Vegetable Food OilSy 
by H. S. Bailey, will show how important the oil is in the United States 
“ From the data in Tables i and 2 it is apparent that the United States 
produces more cotton-seed oil than anj other single oil — nearly 1,344,000,000 
pounds during the calendar year 1917. We likewise consume more of this 
oil than of all other vegetable oils combined. This is due not only to its 
suitability for both tabl^ and cooking purposes, but also to the fact that it 
forms the bulk of the lard substitutes, and that large amounts are employed 
in the manufacture of oleo-margarine, as well as in soap and other technical 
industries/’ 

Some idea of the far-reaching importance of the oil will be gathered 
from the accompanying diagram taken from The Chemical Age (1925, 13, 491). 

As a result of this importance and, to an even greater extent, as a result 
of the realisation of the importance by Government Departments and 
individual firms, the oil has received a tremendous amount of attention at 
the hands of American workers, particularly of recent years; this work will 
be noticed below as occasion requires. The seeds used in America are 
mostly home-grown, whilst those used in this country are obtained from 
Egypt and India, the latter source of supply, although of much more-recent 
date, now occupying an important positioii. 

Although the seed oil had been successfully expressed in 1847 it was 
not until 1870 that the importance of the oil was realised and large com- 
mercial preparation undertaken. The industry now is widespread and is 
of the greatest importance. Of recent years two papers* have dealt with the 
cotton-seed industry in a general sense, the first by Vakil (J.S.C,Ly 1917, 
36, 685), which deals principally with Indian methods, and the second by 
De Segundo (J. 5 .C./., 1918, 37, 118T), who deals largely with American 
practice; these papers should be consulted by all interested in the subject. 

Apart from the long cotton fibres which are, of course, always removed 
from the seeds before use, the larger proportion of the seeds obtained is 
covered with a layer of short cotton fibres known as “ fuzzy,” whilst some 
seeds (less than 10 per cent, of the total production) are free from this 
secondary growth and are known as “ black ” or “ bald.” The composition 
of cotton-seeds has been dealt with fey many observers, all of whom state 
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that wide variations in the seeds are compionly found, thus Vakil {loc. cit) 
states that : ** I iind that no two samples of seeds are alike. Seeds from the 
same district, from the same ginning factory, even from the same field, have 
differed so widely that to attempt to draw any general conclusion from the 
analysis of a few samples would be entirely incorrect and misleading. A 
very large number of analyses are recorded by Mollison in the Agricultural 
Ledger y No, 9, 1903, published by the Department of Agriculture of the 
Central Provinces, and in Noel-Paton’s Indian Cotton Seeds, published by 
the Government of India. The figures given there are fairly accurate, and 
may safely be taken as representing the average composition of Indian seeds. 
The following typical analyses which I have made give a general idea of the 
average composition of Indian seeds : 

Table LXXXVIII. — Composition of Indian Cotton- Sefj)s' (Vakil) 



, Oil. 

i 

Me.il ex. 
Oil 

1 Ihisks 
' rind Lint. 

Sound 

Seeds. 


, J*(T < ('111 

P('r ( t Tt. 

l*ei cell! 

■ 

f’er cent. 

Amaliier 

20*17 

35-33 

44*50 

87-40 

Ycotmal 


36 66 

: 43*70 

84-50 

Nagpur (Platt's gin) 

20*03 

35*47 

: 44*50 

96*00 

A kola .... 

22*98 

34*02 

' 43*00 

94*60 

H ingen ghat 1 

18*80 

38-10 

43-00 

90-00 

II . . 

i9*6| 

' 35-53 

; 44-85 

89-00 

Warora .... 

. 1 18*98 

37-02 

44*00 

92-35 

Wardha . . . 

19*00 

41*00 

i 40*00 

92-75 

Chanda (Platt’s gin) 

• i 1913 

i 27*37 

' 53*50 

97-25 

Paiidlier Kavda 

• j 18-36 

1 26*19 

1 55*45 

95-85 

Average . 

. ; 19-67 

34-68 

45-65 

91-77 


Lewkowitsch has determined the oil in seeds obtained from various 
localities with the following results: 


Table LXXXIX 

— Composition 

OF Cotton-Sfeds (Lew'kowitsch) 


' 

1 


K 

till from 


Kind of Seed. 

l\ei'nels. 

Kubks. 

«. 

i Wliole 

1 Seed. 

Kernels. 

Hii55ks 

('‘Hulls" 


Ik'j cent. 

. . 

Per ( em 

! IPr cent 

P( r cent. 

Per cent. 

Maranhao I. . 

• - ; 58-8 

41*2 

; 21*54 

36-0 

0*9 

„ II. . . 

■ - 59-8 

40*2 

I 20*89*, 

34-7 

0*4 

Coromandel 

1 


16 



Egyptian (1899) 

6o*o 

40*0 

21-98 

37-41 

. . 

„ (1900) . 

. i 60*06 

40*2 

! 23-93 

38-.7 

0*67 

Mersyne 

* * i 44*4 

j 54-8 

, 18-67 

37-44 

1*2 

Bombay * . . . 

- • ! 51-0 

49-0 

: 20-56 

39-28 

i‘o8 

American Upland . 


- 

, 23-46 


. . 

Jamaica 

. i 600 

40*0 

23-6 1 

39-3 

0-37 

Peru .... 

.1 


' 1 

35-2 



♦ This is somewhat high , the average Dercentage of Bombay seed is nearer 
per cent. *■ 
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The content of the oil in American seeds has been found by Sievers 
{JDJFJ.y 1924, I, 56) to vary from i8*6 per cent, to 27*8 per cent, and this 
author finds some relationship between the oil content and the ammonia 
content. 

The oil is usually expressed in presses of the normal type. British 
practice in general is to crush the seed whole, which tends to a dark crude 
oil which needs more care and trouble in refining, and for which there would 
seem to be no compensating advantages. The general American practice 
.is to “ decorticate ” the seeds before pressing them. The removal of the 
hulls or “ decortication is carried out in an apparatus known as a 
huller ** which consists in principle of a drum containing revolving knives 
placed at such a distance apart that the seed coats are cut open without 
damage to the kernel, which thereby escapes. The hulls become coagulated 
together b^ means of the fuzzy and the nii\ture is passed to a sieve through 
which the kernels pass. American seeds have, of recent years, been less 
successfully decorticated on account of the improved efficiency of the de- 
linting machines (i.e. machines for removing the short cotton fibre before 
decorticating). A newer type of press has been used in America known as 
the propeller press, 'bhis has been described by Bailey {IJ.S. Dcpi. of Agri,y 
Bureau of ChemfsirVy Bulletin No. in the following way: “ An increasing 
amount of crude cotton-seed oil is made in mills equipped with a type of 
' continuous working press known as the eypcller. 7 'he cxpeller is built 
somewhat on the principle of an ordinary meat-grinder, and is simply an 
interrupted screnv, revolving inside a ‘dotted steel barrel. The ground seed 
enters through a hopper at one end of the barrel, is pressed along toward 
the opposite end, and finally discliarged around a cone which can he set 
in or out of the outlet orifice to give any desired p:w.\si»ure. Squeezed from 
the seed by the pressure of the screw', the oil runs out through the small 
slits in the barrel, and, after settling, or belter, filtering through a filler-press, 
is ready for shipment to the refinery.” 

The amount of oil left in the cake is usually about 5 per cent, or sometimes 
less, figures below 4 per cent, having been quoted, but in decorticated cake 
the percentage may rise as liigli as 10, although usually it is lower, approxi- 
mating 6 to 7 per cent. The relative feeding advantages t)f un decorticated 
and decorticated cake arc to a certain extent a matter f)f opinion, but de 
Segundo states that the presence <>{ shell in tlie uiiLieeorticatecl cake imparts 
astringent and other properties to the cake which are not without certain 
advantages, particular!/ in the feeding of milch cows at certain times of the 
year, but this circumstance can, at^best, oijy be urged in extenuation of the 
British vsystem, not in praise of it. On the wnproved American system the 
defibrated hulls are rccovejed as a sej^arate product and can, together with 
other suitable ingredients, he compounded with the kernel-remains of 
cotton or other scc^ to produce a balanced ration. The “ compounding ” 
of the kern el- remains w'ith the shell and other substances entails of course 
some additional expense, but apart from the betier price such balanced 
feed ” should command, the cost of grinding and mixing should be more 
than offset b^ the profit on the short cotton fibres recovered from the 
decorticated hulls of woolly seed, not to speak of the increased value as a 
roughener. 

The amount of refining to which it is necessary to submit the crude oil 
depends in great measure upon the source and freshness of the seed and also 
on whether the whole seed has been crushed or merely the kernels. English 
^i£S.pi^%ssed crude oil being obtained as a rule from undecorticated seed is 
very dark (sometimes almost black) iiT jolour, and considerable loss is entailed 
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during refining. The followii^ remarks on crude oils by Vakil usefully 
point out some of the many differences likely to be found : “ There is a 
very marked difference between the hulls of Indian and Eg3rptian seeds. 
The former contains a brown colouring matter easily extracted with water, 
and on this property and the behaviour of this colouring matter with sodium 
hydroxide and nitric acid a means of detecting the presence of Indian seed 
hulls in Egyptian cakes has been suggested (Oil and Colour Trades Journal^ 
1905, 1815). The chief points of difference in the crude oils obtained from 
these different seeds are: (i) There is a higher percentage of free fatty, 
acid, colouring and albuminous matters in the Indian oil than in the Egyptian 
or American oils, which gives rise to a greater loss in refining, sometimes 
exceeding from 16 to 20 per cent. (2) The oil from Indian seeds is poorer 
than American and Egyptian oils in the solid “ stearin obtainable from it, 
and not quite so well suited for margarine making. Egyptian hnd Indian 
oils are inferior in colour to American oils. (3) The oil from Indian seeds 
retains a peculiar fishy odour which it is very difficult to get rid of even with 
drastic treatment. (4) The greatest drawback to the oil from Indian seeds 
as an edible oil is that the refined oil shows a bluish-green fluorescence. 
This fluorescence is not removed by the ordinary process of refining. If 
the traces of fishy odour and the fluorescence could be removed easily and 
at small cost the oil would find a ready market in India as an edible oil. 
At present, though sold in large quantities as edible oil, it does not command • 
as high a price and is not valued so much as the best grades of cold-pressed 
Til oil. (5) The refined oil from the'indian seeds has a higher iodine value 
— 1 12 to 1 16— than the oil from Egyptian seeds, which varies from io6 to 
108, or the American, which varies from 105 to no. This higher iodine 
value may be due to th« fluorescent substance in the oil.’* 

According to Sutclifl'e the free fatty acids are not ahvays higher in the 
Indian oils than in the Egyptian. Loss on refining, however, is generally 
greater for oils that arc in any other way comparable. 7 'he Indian oil does 
not always give fluorescence if properly refined. One can get this fluores- 
cence in Egyptian oils and sometimes in arachis oils by certain methods of 
refining. The “ common edible ” grade is apt to taste rather more fusty 
or straw-like than the Egyj^tian, but it can be deodorised to a normal grade 
just as w^ell as the other. 

The usual process used in refining cotton-seed oil is intimately to mix 
the warmed oil (about 120"" F.) with a dilute solution of caustic soda. The 
caustic soda combines with the free fatty acids present and causes the pre- 
cipitation of the coloTiring mattQ»-, which can then be removed along with 
the soap stock by allowing tl>^ mixture to stand and decanting the upper 
layer. The refining oil may then be treated fuller’s earth or some 
other process for bleaching and deodorisation. 'Fhe bleaching of cotton- 
seed oil has been studied by Vilbrandt and Bankstoin (JjO.F.L, 1924, I, 71). 
The loss in refining under the best conditions has been stated by Thurman 
(J.S.C.I., 1923, 42, 561A) to be about 2-27 per cent., but this represents a 
very high efficiency when working on the highest class crude oil prepared 
from decorticated cake. It may rise as high as 10-15 per cerft. 

Composition . — The fatty acids of cotton-seed oil are roughly in the pro- 
portion of three of liquid acids to one of solid acids. The solid fatty acids 
consist for the most part of palmitic acid, whilst the liquid acids probably 
consist of oleic and linolic only as no reaction is obtained with the insoluble 
bromide value when working on the oil. Meyer (Lew ., Vol. II, page 199) 
has examined the oil by the method of alcoholysis (page 51), and his r^ults 
given in the following table bear out tht composition given above : 
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Table XC.r- Examination of Cotton-Seed Oil by Alcoholysis (Meyer) 


Fraction. 

Boiling Point. 
“C. 

Pressure. 

Quantity 
obtained from 
535 grms. of oil. 

Iodine 

Value. 



mm. 

Grms. 


I . . . . 

up to 201*5 

16 

8 

77-13 

II ... . 

201*5-204 

16 

9 

101*19 

Ill ... . 

204-207*5 

16 

20 

1 123-51 

IV . . . . 1 

207*5-210*5 

16 

83 1 

130*87 

V .... 

210*5-214*5 

16 

II ! 

123*83 

VI ... . 

• 

above 214*5 

16 

2 

107*23 


Hazura found that the proportion of oleic to linolic acids was as 3 is to 
4*5, whilst Farnsteiner found quantities of linolic acid varying from 18 to 
24 per cent,; these quantities are seriously low. 

Jamieson and Baughman {Analyst^ 1920, 45, 303), in an extended ex- 
amination of the oil, found the fatty acids to consist of myristic 0-3 ; palmitic 
20; stearic 2; arachidic 0*6; oleic 35*2; linolic 41*7, whilst Myddleton 
and Barry {Fats: Natural and Synthetic) found, in a sample of the oil having 
an iodine value of 105-4, that the fatty acids consisted of palmitic 23-4; 
oleic 31*6; linolic 45-0. llilditch and Moore {J.S.CJ.y 1923, 42, 15T) 
found 24*7 per cent, of solid acids, 23^ per cent, of oleic acid and 51-5 per 
cent, of linolic acid. It follows, therefore, that the fatty acids consist for 
the most part of oleic 30-35 per cent., linolic 40-45 per cent., and the balance 
mostly stearic. Ilolde, Selim and Bleyberg 1924, 43, B916) 

found 21*6 per cent, of solid acids and 78-3 per cent, of liquid acids. 

Jamieson and Baughman have found that the free fatty acids of cotton- 
seed oil are in practically the same proportions as they occur as glycerides 
in the oils {Cotton Oil Press ^ 1923, F, No. 2, 35). 

The colouring matter of cotton-seed is known as gossypol. It appears 
to have the empirical formula, C,3Hj404 or CjoHasOs,. It is insoluble in 
water and dilute acids, but soJublc in the usual organic solvents and in dilute 
alkalis. On account of the presence of about o-6 per cent, of this compound 
the raw kernels are highly toxic (Carruth, 1917, 36, 1285) but the 

cake is much less toxic on account of the transformations which take place. 
Thus the same worker {^.S.C.I.j 1918, 37, 319A) has separated four different 
gossypols which he differentiates as A, B.*C and D and which have quite 
different degrees of toxicity, the D compound being the least toxic. The 
presence of gossypol may be detected by treating a portion of the meal 
with a drop of concentrated sulphuric acid and immediately examining 
the mixture under {he microscope; if numerous red areas appear where 
the acid touches the more or less broken-iip “ glands,” the presence of toxic 
unchanged gossypol is indicated. To determine the quantity of gossypol 
present, a quantity of the meal sufficient to yield about lo grms. of oil is 
extracted witl? ether, the ethereal solution evaporated, and the residue of oil, 
after filtration, is mixed with about 10 per cent, of its weight of aniline; the 
mixture is warmed on a water-bath and then set aside. If, after several days, 
no precipitate is formed, the meal may be considered to be free from gossypol. 
In the presence of gossypol, however, a yellow crystalline precipitate separates ; 
this is collected, washed first with a mixture of ether and petroleum spirit 
(x : 2), then with petroleum spirit, dried at 100° and weighed. The com- 
pound appears to be the dianiline salt i/f gossypol (C30H28O6, 2C6H6NH2) and its 
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weight is multiplied by 074 to obtain the quantity of gossypoL Cotton-seed 
meals containing 0*24 per cent, or more of gossypol proved fatal to rats within 
10 days; meals containing smaller quantities were injurious to the animals. 

Gossypol is present in glands in all but the woody tissues of the cotton 
plant. The very sparingly soluble aniline salt, of the average composition, 
2C30H80O0, 5CaIl5NH2, may be used for the separation and determination 
of gossypol. A more yellow substance, B ** gossypol, is formed by heating 
at i86"~i9o°, a white product, “ C ” gossypol, by fusion with alkalis, and 
another yellow compound, “ D ** gossypol, by cooking the cotton-seed for oil. 
All four substances give blood-red solutions in concentrated sulphuric 
acid and fine blue colourations when their alkaline solutions are exposed 
to the air. By suitably conducted cold pressing the oil cells of cotton seed 
may be emptied w'ithout the oil dissolving the contents of the resin glands, 
and no gossypol then enters the cotton-seed oil, but in the usual c 61 d-pressing 
processes the seed is heated to a considerable extent and the glands ruptured, 
so that commercial “ cold-presscd oil ” contains about 1*5 per cent, of gossy- 
pol, that is about three-fourths of the whole. In the “ hot-pressing process, 
the gossypol is exposed to oxidising influences and changes largely into the 
less toxic “ D ” gossypol, most of which remains in the cake. Consequently, 
a “ hol-presscd ” oil should lose less on refining with alkali than a “ cold- 
pressed ’’ oil from the same seed ( 7 .*S\C’./., 1918, 37, 319A). 

Further work has been published by Schwartze and Alsberg (Jf.S.C.I.y 1924, 
43, B22 and B885). found in an examination of a number of diflFerent 

samples of cotton-seed that the qui'ntity of gossypol varied directly with 
the percentage of oil, and found that the ether extract of cotton-seed kernels 
and pure gossypol deri\ed in aracliis oil were similarly toxic and that the 
toxicity of the extracts corresponded, with some variations, to the proportion 
of contained gossypol. 

The unsaponifiable matter of cotton-seed oil has been investigated by 
a large number of workers. I’he total amount found has varied between 
0'7 and i-6 per cent, and appears to consist of sitosterol along with other 
bodies of an indefinite character. Bomer and Winter (J.S.CJ.y 1901, 20, 
1147) found the M.Pt. of the sitosterol to be 136'"- 137"" and that of the acetate 
to be 123*5 124'"*, state that a large numbor of crystallisations are neces- 

sary before the pure substance can be obtained. 

Siegfeld {J.S.C.l.y 1904, 23, 742) found two substances, neither of which 
could be acetylatcd, having M.Pts. of 93^" and 122° respectively, whilst he 
also isolated a sterol with M.Pt. i38*8''-T3g*8 ’ thV acetate of which had 
M.Pt. I3i*5"-i32*5^ 

Matthes and Heintz {Analvsty 1909, 3^4, 362) resolved the unsaponifiable 
matter into a solid and a liquid portion, I'he solid portion consisted of a 
mixture of two substances, the first a sterol with M.Pt. 139^, and the second 
consists of a substance with M.Pt. The liqqjid portion had B.Pt. 

98^-3 00 in vacuo. 

Waterman and Perquin {J.S.C.I.y 1924, 43, B525) have found that when 
the oil is decomposed at 450° in an autoclave in an atmosphere of hydrogen 
the oxygen is removed as oxides of carbon and water and that*the remaining 
product is a hydrocarbon mixture containing a high percentage of petrol. 

In various countries the oil has to be denatured for fiscal reasons when 
used for such purposes as soap manufacture. In P'rance this may be done 
by adding to 100 kilos, of oil 100 grms. of nitrobenzene or 200 grms. of oil 
of rosemary (jf.S.CJ.y 1911, 30, 498). 

For some time it was considered that cotton-seed oil, along with other 
vegetable oils, was deficient in or devoid of the accessory food factors known 
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as vitamines, but Daniels and Loughlin have shown 1920, 39, 

609A) that cotton-seed oil appc<ft*s to contain notable proportions of fat- 
soluble A. That commercial cotton-seed oil is frequently deficient in this 
substance is apparently due to the treatment to whach the oil is subjected 
during preparation. 

The constituents of crude cotton-seed oil have been studied in a series 
of papers by Jamieson and Baughman. The Cotton Oil Press 6 (No. 4), 
33; 7 (No. 2), 35; 7 (No. 5), 29. J, 0 ,F,L, 1924, I, 30. 

Anderson and Moore (Analyst ^ 1923, 48, 556) found that the unsaponi- 
fiable matter of cotton-seed oil contains at lea^t t^vo phytosterols, which 
may be separated by fractional crystallisation, one of these has M.Pt. 138"^ 
to 139°, -34*19°, and acetate of M.Pt 124^, and the other M.Pt. 

134° to 135', [a]„®“ — 33’bi°, and acetate of M.Pt. 119'. 

• 
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0-930 

196 

1 16 

1 

' I 
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0*9 

Bolton & Revis 

0-022- 

192 

10^- 


1 


35 38 

1 . 

1 


0*925 

195 

115 





1 

1 

B.P.C. . . . 

0*9 i<S 


102- 

1 -4670 

0 to j 

32 j 

36 
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1-4679 
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Leach . 

0 932 
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Tabil XCII — Ciiaru iruislirs or luy Insoluble Fatty Acids 
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* Nciturdl oil, wintei oil about 28°. 
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Some \vork showing how the characteristics of the oil are affected by 
heat treatment has been carried out by Fulmer and Manchester (Anafyst^ 
1908, 33, 432), who obtained the results given in the following table: 


Table XCIIL— Effect of Heat on Cotton-Seed Oil (Fulmer and 
Manchester) 



Specific (Gravity 
at i5'5°C. 

Refractive Index 
at25°C. 1 

Iodine Value. 
(Hanus.) 

Saponification 

Value. 

Free Fatty 
Acids. 

Normal un- 
heated oil 

0*9221 

1.47509 

1 

IIO*I 

per cent. | 

191-8 

0*66 

per cent. 

Temp. 

Heated for 

Heated lor 

1 Heated for 

Heated for j 

Heated for 


10 min. 

30 min. 

10 min. I 

30 mm. 

'10 min 

30 mm 

10 min. 

I 

30 min. 

10 min. 

30 mi] 

180 

0*9227 

0*9228 

1*47510 

1*47510 1 

110*0 

io8*i 

190*9 

190*8 

0-053 

0*05^ 

220 

0*9229 

0*9229 

I ■47518 

1-475181 

! 108*8 

108-5 

190-7 

190*2 

0-059 

o*o6i 

240 

0*9229 

0*9236 

1-47528 

1-47548 1 

io8*4 

108-5 

190*4 

190*6 

0*130 

o*26c 

250 

0*9236 

0*9240 

1-47535 

1-47563 i 

108-3 

107-8 

190-6 

190*4 

o*i6o 

o*40C 

270 

0*9234 

0*9242 

1-47549 

1-47583 

106*9 

1 

106-3 i 

1 

190*7 

190-9 

0-530 

o*88c 


These results show that, in general, the specific gravity, refractive index 
and free acid increase whilst the iodine value decreases as the temperature 
and the time of heating increase. T^he changes, it will be noticed, are not 
very marked and an oil subjected to temperatures such as these will still 
yield figures within the normal limits of variation for the oil. 

Arny, Kish and Newmark (Analyst^ 1919, 44, 407) have developed a 
series of chemical coloiff standards for the classification of cotton-seed oils 
which may, of course, be used for other purposes. These standards, termed 
the Co-Fe-Cu standard are composed as follows: red, N/2 solution of 
cobalt chloride; yellow, a N/2 solution of ferric chloride; and blue, a N/2 
solution of copper sulphate, all in 15 per cent, hydrochloric acid. With 
these solutions, blended in various proportions and diluted with various 
quantities of water the colour of any coniinercial samples of cotton-seed oil 
may be accurately matched. Experiments hav'e shown that the Co-Fe-Cu 
standard solutions are perfectly stable and give identical results after keeping 
for four years; moreover they are readily controlled by analysis. The 
comparisons are conveniently made in i oz. round bottles with sufficient 
accuracy, and perfectly accurate results are obtained'by comparison side by 
side in | in. cells in the Loviboncv instrument. The following limits for the 
specification of commercial grfides of cotton-seed oil have been defined in 
terms of the above Co-Fe-Cu acid standards : * 


Fioni ^ To 


Fc. 

Co. 1 


Wak-i 

; ]‘V. j Co. 

i 

Cu. 

Water 

( u. 

to 

to 

' c.r. 

t.C. 

C.C. 

C.C. 

C.C. 1 C.C.* 

1 

C.C. 

C.C. 

Prime white . . . | 6 

0*4 


50 

16 *0 1*4 


60 

Choice summer yellow , 22 ; 

3 '4 


50 I 

33-3 j 3-3 


so 

Off summer } ellow . ; 42 j 

6*2 

. . 1 

60 

39*0 1 7*2 1 

•* 

SO 


Properties . — Refined cotton-seed oil varies in colour from golden to nearly 
colourless— the crude oil obtained by hot expression may vary from brpwn' 
to almost black. A certain amount ojf^stearine separates out from the oil 
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at tempeiattirea below 15*^ whilst at a temperature of about 0^ it becomes 
almost solid. On account of tho» somewhat high melting-point of the oil 
a portion of the stearine is frequently removed by chilling and pressure 
(for characteristics of the separated stearine see below), in the case of oils 
intended to be used as salad oils with the production of the so-called “ winter 
oils; such oils will remain quite bright until cooled below the freezing- 
point of water and have a titre of about 28° and an iodine value of 110-116. 

The New York Produce Exchange has laid down standards for the 
various qualities of oils. These standards, as quoted by Lewkowitsch, are 
as follows : 

“ Prime crude cotton-seed oil must be made from sound decorticated 
seed, must be free from water and foots, and must be sweet in flavour and 
odour. It should produce prime summer yellow oil when refined with 
caustic sodj, with a loss in weight not exceeding 9 per cent. Should the 
'loss in refining be greater than 9 per cent, but the oil obtained be still of 
prime summer yellow grade (and it cannot be rejected by the buyer), the 
price must be reduced by a corresponding amount. 

“ Choice crude oil must be manufactured from sound decorticated seed, 
must be free from water and foots, sweet in flavour, and odour, and should 
produce by proper methods of refining choice summer yellow oil, with no 
greater loss in weight than 6 per cent, for Texas oil and 7 per cent, from oil 
of other seeds. The percentage of free fatty acids should not exceed i per 
cent, (as oleic acid). 

“ Qualities w^hich correspond to rtither of the grades mentioned are 
termed ‘ off ’ oil, and are sold by sample. 

“ Prime summer yellow^ oil iv'? required to be clear, free from water and 
foots, sweet in flavour and odour, and of no deeper colour than 35 parts 
yellow and 7*1 parts red in Lovibond’s tintometer. Choice summer yellow 
must be clear, free from moisture, and sweet m flavour and odour. Off 
summer yellow must be free from water and foots, and may be of lower 
quality as regards taste and colo\ir. The refined oil is graded in the United 
States according to colour. 'Phe Interstate Cotton-Seed Crusher's Associa- 
tion has adopted as the standard for grading refined oil Lovibond’s tinto- 
meter. Thus prime summer oil must not have a deeper colour at about 
70° F. than is shown by the ’combination of 35 yellow^ units and 7*1 red 
units in Lovibond’s tintometer.” 

“ Prime winter ^¥hite cotton-seed oil must be perfectly clear, straw-white 
to wtoe in colour, swejj: in flavour and dry, and must remain clear, at a 
temperature of 32"’ I', for five hours. Prime wfinter yellow cotton-seed oil 
must be transparent, free from watJr and fdols, sweet in flavour and odour, 
straw-coloured (not reddish) and must rcinaui clear at a temperature of 
32° F. for five hours. Th* cold test relied upon must be carried out as 
follows: A 4 oz. sample bottle is filled wfith the oil, a thermometer injierted 
through the cork of ^hc bottle and closed tight. 'I’he oil is then warmed 
slowly to 80° F. and allowed to remain at that temperature for fifteen minutes. 
It is then put into a box surrounded by ice and allowed to stand in the box 
for five hours,^ After this time it must still be clear, brilliant, and free from 
deposited stearine.” 

The oil is an excellent edible oil and is used in large quantities in the 
manufacture of margarine and lard substitutes and as a salad oil. I’he oil 
is one of the most important of those in the semi-drying class. The oxygen 
absorption in the modified Livache test is about 6-5 per cent, as compared 
with about 15 per cent, for linseed, and i per cent, for olive. The com- 
mercial oil is usually free from fatty acids on account of the alkali treatment 
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used during refining. Smith has stated (Analyst, 1920, 45, 370) that the 
Kreis reaction for rancidity is given by the crude oil and sometimes by the 
refined oil even when not rancid. 

Colour Tests.’— There are several colour tests which are more or less 
characteristic of cotton-seed oil. The most important is that of Halphen, 
whilst that with nitric acid is sometimes of value. Halphen 's test is con- 
sidered at length on page 79, whilst the less useful test of Becchi is described 
on page 80. 

The nitric acid test is carried out by Lcwkowitsch by well shaking about 
5 cx. of the oil with an equal volume of concentrated nitric acid (S.G. 1*375) ^ 
and the mixture then allowed to stand. Most seed oils give practically no 
reaction under these circumstances, but cotton -seed oil yields a brown 
colouration. The amount of colouration produced varies to a considerable 
extent with samples of oil from varying sources, but under the^best condi- 
tions it may cause suspicion when as little as 10 per cent, of cotton-seed oil 
is present, but in other cases larger percentages than this might pass un- 
detected by this test. The nitric acid test has one considerable advantage 
over the other colour tests for cotton-seed oil in that oils that have been heated 
to fairly high temperatures give the reaction almost as strongly as untreated 
oils. On the other hand, other oils beside-cotton seed have been known to 
give the reaction, thus rape oil gives in some cases a considerable darkening 
whilst Coste and Shclbourn (J.S.CJ., 1903, 22, 778) found that some samples 
of Neat’s-foot oil gave the reaction whilst, in some cases, the reaction is given 
by soya-bean oil. Generally speakirg the test must be looked upon merely 
as a confirmatory test in those cases where the usual analytical constants have 
suggested the presence of cotton-seed oil. It has been found by Hiltner 
and Feldstein (Analyst, 1921, 46, ^07) that the colour reactions of cotton- 
seed oil are also given by hollyhock-seed oil. Apart from the colour tests 
cotton -seed oil is characterised by a high solidification-point (“ winter ” 
oils will not have this) and high melting and solidification-points of the fatty 
acids. The chief diagnostic character is, however, the iodine value of the 
liquid fatty acids which is usually round about 145 or over. The following 
table due to Wallenstein and Finck (J.S.C.L, 1895, 14, 78) gives some idea 
of the relationship of this figure in different oils : 


Table XCIV.— Iodine Values of Various Oils 


Oiu. JoDiNr Valve ok Liquid F.A. 


Cotton-seed » . 
Nigcr-sced' 

Maize . . . . 

Arachis . . 

Rape . . . . 

Lard, European . 

„ American . 
Tallow. 


146-8--148-2 

HI'S 
. 1407 

128*5 
I2P*7 
95*2-96*8 
'104*5 

92 * 2~927 ^ 


Official methods for the analysis of cotton-seed oil products have been 
fixed by the U.S. Interstate Cotton-Seed Crusher’s Association. An abstract 
of these with modifications may be found in the Journal of the Society 
of Chemical Industry (J.S.C.I., igii, 30, go6; 1913, 32, 31 and 797; 1914, 
33, 1060). 


Stronger acid givers Icsb definite results, 
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Dickhart has suggested {Analyst y tgaj, 48, 224) that it is possible to 
detect crude vegetable oils in crude cotton-seed oil by means of copper acetate. 
The test is carried out by shaking a petroleum spirit solution of the crude 
vegetable oils containing 10 grms. of the oil in 150 c.c. of solvent with 40 c.c. 
of a freshly prepared 5 per cent, aqueous solution of copper acetate; a green 
colour is produced in the oil solution in the case of the majority of oils. 
Crude cotton-seed oil does not show this reaction, and refined oils also give 
no colouration. Dickhart has applied this reaction to the detection of foreign 
oils in crude cotton- seed oil, a distinct colouration it is stated being pro- 
duced by the presence of 0-5 per cent, of the adulterant. 

This test, however, has been studied by Heller {J.S.C.Ly 1924, 43, 
B877), who says that Dickhart ’s statement that this reaction forms a good 
test for the presence of other raw vegetable oils in cotton-seed oil cannot be 
confirmed.* The presence of 20 per cent, of raw unfiltered arachis oil in 
cotton-seed oil had no influence on the brown colour of the light petroleum 
layer. 

It has been stated {J.S.C.I.y 1923, 42, 469A) that the oil is not suitable 
for adding to separated condensed milks on account of the fact that it cannot 
be made tasteless under these conditions. 

Cotton- Seed Stearme. — Cotton-seed stearine is a by-product from the 
preparation of winter cotton -seed oils and is obtained in large quantities. 
The colour reactions and the composition of the acids are practically identical 
with cotton-seed oil itself although, of course, the proportion of solid acids 
is considerably higher in the former. *Thc melting-point will depend to a 
considerable extent on the temperature and method of pressing but, as a 
rule, the bulk of the material is obtained under fairly similar conditions, 
so that average figures can be suggested as given in tiie table below : 


Solidifying-point °C. 

. . 16-22 

Melting-point ‘"C. 

. . 30-40 

Saponification value . 

. . 194-195 

Iodine value . 

■ • ^ 9-95 

Titre test ‘ C. 

• • 35-42 


Hydrogenated Coiton-Secd.OiL~~\ large amount of work has been done 
on the hydrogenation of cotton-seed oil, the hydrogenated product of which 
is widely used for various purposes. 'Che llalplien test (q.v.) is largely 
aflFected,* the substance causing the colouration being gradually reduced in 
amount as the hydrogtnation ]:>roceeds and finally destroyed altogether, 
although Kreis and Roth {Analyst^ 19 13,, 3 8, 160) state that the product 
may be identified by means of Balicr’s test, which consists in heating the 
oil with nitric acid and a solution of resorcinol in benzene. 

Bdmer and Leschly-Haflsen {J.S.C.l.y 1912, 31, 996) studied the effect 
of hydrogenation on various oils including cotton-seed oil. They found 
that a sample thus fiydrogenated had M.Pt. 30*5°; Sol. Pt. 25-4°, 

I •4618; acid value o*6; saponification value 195*7; iodine value 69*7; 
iodine value of liquid fatty acids, 115*6. They found that the Halphen 
reaction haerteen completely destroyed, but that the phytosterols had not 
been altered to any great extent. They state that Hauchecorne’s reaction is 
still given by the hydrogenated product; this test is practically the nitric 
acid test described on page 222. 

Mellana (J.S.CJ.y 1914, 33, 701) found in a sample of hydrogenated 
qil of M.Pt. 59"^, that the titre was 50*3°, the saponification value 192*3 and 
the iodine value 41*0. 

• Cf. Moore, Richton and Van^sdol 1917. ^ 57 )* 
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The variation in the composition of potton-seed oil during the process 
of hydrogenation has been studied by Myddleton and Barry, who find the 
figures given in the following table : 


Table XCV.— -Effect of Hydrogenation on Cotton-Seed Oil 
(Myddleton and Barry) 


1 

1 

1 

Original 

Oil. 

After Hydrogenation. 

Iodine value 

105*4 

6 q *2 

63-1 

5i*« 

Palmitic acid 

23*4 

23*4 

23'4 

23*4 

Stearic acid 


6-5 

9-6 

^ i8-6 

Oleic acid ! 

31-6 

37-4 

37-0 

' 33-0 

Linoleic acid | 

45-0 

lo-o 

6-0 

2-0 

“ Acids of hydrogenation ” . j 


227 

24-0 

23-0 


Hiklilch and Moore {J.S.CJ., 1923, 42. 15T) have published a large 
amount of work showing the relative alteration in the characteristics pro- 
duced by hydrogenation — this is well shown in the following tables taken 
from their paper: 


Table XCVI. -—Effect of hydrogenation (IIilditch and Moore) 
Neutral cotton-seed oil and nickel on kieselguhr at 180° 


Sainplt;. 

M [\ 

I.V. oI 
Oil. 

T.V. <y[ 
Mix.'d 

At ids. 

T v.o/rii- 

Mitiii.itcd 

Acids. 

Per coni, 
of Un- 
satuiatt (1 

Composition ol Mixed Acid.s. 

1 Vr cent ,1 Vr cent. ' Per cent. 




Acids. 

Satin a ted. 

Oleic. 

Linoleic. 

Original . 

liq. 

109-1 

114*1 

151-6 

75*3 

24*7 

23-8 

51-5 

No. I . 

30 : 

86-2 

90*0 i 

123-0 

73*2 1 

27 

46 

27 

No. 2 

352 : 

76-6 

80-0 1 

114*0 ' 

70-2 1 

30 

53 

17 

No. 3 

39 1 

65-9 

68-8 

95-4 1 

70-0 ! 

30 

66 

4 

No. 4 .1 

42 

; 58-1 

1 60-7 1 

90-0 

65-0 

35 

65 ! 

nil. 

No. 5 .! 

; 4C> 

i 49- * 

51*3 

90*0 

57-0 . 

! 43 

57 1 

1 

nil. 


\ 


Neutral cotton-seed oil and copper on kieselguhr at 180° 


Sample. 

M.P. 

X. 

I.V. of 
Oil. ; 

1 

1 

I.V. of 
Mixed 
Acid.s. 

I.V of 1 In- 
sat Lira led 
Acids. 

I’er cent, 
ol Tln- 
satn rated 
Acids. 

Composition of Mixed Acids. 

Per cent. jPer cent Percent. 
Saiurated.l Oleic. Linoleic. 

Original . 

liq. 

1 

109 I 

II4-I 

151-6 

75*3 

247^ 

23-8 

si-s 

No. I 

hq. 

100-8 

105-2 

139-8 

75*0 

25 

34*5 

40-S 

No. 2 .1 

26 1 

96-1 

100-3 

131-7 

75*0 

25 

40-5 

34-S 

No. 3 .! 

35 i 

i 77*4 : 

80-3 

108-0 

74*3 

25 

60 

15 

No. 4 

39 ! 

1 72*1 : 

75*1 

103-1 

72-8 

27 

62 

II 

No. 5 .! 

, 40 

65-2 

68-0 

94-3 

72*1 

28 

68-5 

•3-S 

No. 6 .1 

1 

44 

i 57'5 i 

60 -0 

90-0 

66-7 

33 

67 

nil. 








CHAPTER XIV 


Rape Oil (Colza Oil) 

Commercial rape oil is obtained from the seeds of several varieties of Brassica 
campestrh. There are a number of distinct botanical varieties, some of which 
are grown as winter seeds, but in the main the characteristics of the oils 
from the different varieties show a very close relationship, whilst in most 
countries, particularly in England, no distinction is made between them, 
although at one time the expression “ colza oil ” was undoubtedly confined 
to that expressed from the finest French seed and to that only. The seeds 
usually contain about 40 per cent, of oil. 

The various varieties are cultivated to a wide extent in Europe (France, 
Germany and the South-East), India, China and Japan. The oil is obtained 
by crushing the seeds (which are proverbially small, an ounce sometimes 
including as many as 40,000 seeds) and then expressing the oil in presses or 
extracting with solvents. Edible oil is that expressed in the cold. The oil 
so obtained is usually somewhat dark coloured, that obtained by expression 
usually containing more mucilage than the extracted oil and to that extent 
being more impure. Refining, especially for burning oils, is carried out by 
treatment with about i per cent, of sulphuric acid (the strength used by 
various refiners varies from the concentrated acid to as low as 40 per cent, 
by volume) followed Isy thorough washing with water by decantation when 
a pale yellow oil, w'hich should be free from mineral acid, is obtained. Oil 
refined by this process will contain a certain amount of free acid (formed by 
hydrolysis during the treatment) wdiich renders the oil less suitable for 
lubricating purposes — for this reason the finest colza lubricating oil is refined 
by means of fuller’s earth. Edible oil is frequently refined with caustic 
soda. The characteristics are practically unchanged by the process of 
refining with the exception of tlie fact already noticed that the free acid is 
slightly increased. 

Composition . — The composition of rape oil has been the subject of 
numerous investigations. The oil is characterised by the fact that it contains 
large amounts of erucic acid which has such properties of its own that it 
can be isolated from a mixture .of acids, more readily than many of the other 
acids (vide infra). The saturated acids only occur to quite a small extent, 
probably not more than i per cent., of which at least a portion was found by 
Ponzio {J.S.C.I.y 1894, 13, 257) to be identical with the mixture of arachidic 
and lignoceric acids obtained from arachis oil. Archbutt (J.S.CJ.y 1898, 
17, 1009) found various samples of oil to give quantities of arachidic acid ” 
varying from 0*3 to 1-4 per cent., the melting-point in the last case being 
as high as 73°. 

Holde and Wilke (J.S.C.L, 1922, 41, S98A) subjected the the process 
of alcoholysis, and by this means and subsequent purification produced a 
pure erucic acid. 

Raymond (J. 5 .C./., 1922, 41, 508A) was able to identify the following 
acids, namely, erucic, linolic or linolenic, palmitic, oleic and stearic, whilst 
Toyama {J.S.C.I., 1922, 41, 988A) found that the erucic acid content was 
about 65 per cent., the content of saturated acids being less than 2 per cent., 
and stated that the other acids isolated or strongly suspected were stearic, 
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behenic, lignoceric and arachidic, oleic, linolic and linolenic* For hardened 
rape oil see Normann and Hugel 1917, 36, 658). 

The sterol of rape oil consists of a mixture of substances which have not 
yet been definitely separated. According to Windaus and Welsch, brassi- 
casterol occurs having M.Pt. 14^^ (acetate i57°-i58®), whilst another sterol 
is present having M.Pt. 142° (M.Pt. of acetate 134'’). Steuart found that 
the acetate had a M.Pt. varying from 139^-129° and gives no indication of 
any substances having a higher M.Pt. although his sample contained paraffin 
which may have interfered with the separation. 

Table XGVII.— Gharacteristtcs of Rape Oil 


Authority. 

S.G. 

15 ® 

Sol.Pt.l Sap. 
T. ' Value. 

i 

Iodine* ; 

Value, j • 

R.M. 

Lhisap 

r-’er 

cent. 

Acid Value. 

Lewkowitsch . 


-10 1 171-7- 
1 176-S 

93-5-1 1-4630 

103*6 1 1*4670 


0*5- 1 

1*0 

Mitchell . . . 

0-914- 

-10 170- 

97- -• 

0*0- 

, . 

, , 


0*916 

175 

105 

0*7 



jDolton and Revis 

0*913- 

. . 168- 

4H- \ -- 


0-8- 

Usually be- 


0*917 , 

! 

1 ! 


1*7 

low 2*0 

Fryer and Weston 

0-914 

1 • • 170- 

1 

97- i 1-4652- 


0-5- 

Not exceed- 


0-917 

: ' 177 

105 1 1-4655 


1*0 

ing 4*0 

Grimme . . . 

0-917- 

-4 to, 171-3 

j 93-6-1-4637- 


0*7- 

, , 

i 

! 

0-923 

— 12 ; 180-3 

; 104*6 j 1*4666 


J-4 


Grossley and Lc 

1 0*914- 1 

1 • • : i(>7-7- 

94-1-11-4652 1 

0*0- 


1-4- 

Sueur 

o*qi8 

i 174-1 

! • { 

104*8 ' 1 

_l,„l ! 

0*8 

I 


4-0 


Table XCVIII.— Gharacteristics of the Fatty Acids 


Authority. j oq 

Titre. ' 

• : 

ludinc Value. 

Iodine Value 
of Liquid. 

Lewkowitsch . . • . .1 18-22 

11-7-13-6 i 

99-8-105-6 

i 

' 120-126 


I 

Mitchell ! 16-21 

I 


Fryer and"Weston 

•• ' 12-13 


1 

1 

i 

Bolton and Revis . 

19-21 : 



Grimme 

11-21 

1 

6-19 

98*0-107*1 

1 


• It is unusual for the iodine value genuine East India rape oil to exceed loi. 
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Properties and Special Rape oil is light yellow to deep brown in 
colour, depending upon the method of pre{)aration and the extent of refine- 
ment. It has a characteristic odour and flavour which are only pleasant 
in the very finest oils. The oil is fluid at ordinary temperatures; a quantity 
of stearine is usually present at room temperature or below but the oil does 
not completely solidify until below freezing-point. The most characteristic 
property of rape oil is its high viscosity, which is the highest of any oil except 
castor; the identification of the oil depends upon this factor together with 
the low saponification value and the presence of erucic acid. The Livache 
test gives an absorption of about 2*5 compared with about 15 for linseed oil. 

There are no specific colour tests for the oil which are of serious value, 
although Mil rath has suggested a test for the detection of whale oil [Analyst, 
1907, 32, 427) which depends upon the brown colour developed by heating 
such a mixture with syrupy phosphoric acid. The low saponifiettion value 
is of the greatest value in the examination of rape oil itself and for its detection 
in mixtures with other oils. The high viscosity (see viscosity, page 102) is 
also a valuable test, particularly in those cases where the oil is intended as a 
lubricant. 

The main chemical tests for rape oil are those which depend upon the 
characteristic properties of erucic acid. I'his acid, although unsaturated, 
forms a lead salt which is practically insoluble in ether and so differs from 
the lead salts of the other insoluble acids, all of which (with the exception 
of the oleic acid which is produced during the process of hydrogenation) 
are freely soluble in this solvent. Vhe method of separating erucic acid 
depends therefore, in the first place, upon the separation of the liquid and 
solid fatty acids and subsequently the determination of the iodine value 
of the solid acids which* will include erucic acid. This is the better method 
of working, although Holde and Marcusson [Analyst, 1910, 35, 401) base 
a method of separation upon the solubility of this acid in 96 per cent, alcohol 
at -20' and its insolubility in 75 per cent, alcohol at the same temperature. 

The method of working usually adopted is that suggested by Tortelli 
and Fortini [Analyst, 1910, 35, 401), who depend not only upon the iodine 
value of the solid acids, but also upon the critical temperature of solution 
of the alcoholic solution of the sodium salts of the liquid fatty acids. This 
method has been examined by Fryer and Weston [Technical Handbook of Oils, 
Fats and Waxes, Vol. 11 , page 135) and is here described in the form re- 
commended by them : 

Into the 200-c.c. flask w'cigh 20 grms. of the oil, a»d 50 c.c. of 2N alcoholic 
potash, made up as follows : Dissolve 56-0 grms. of KOll (“ pure from 
alcohol ”) in 45 c.c. w^atcr; rpakc up tef 500 c.c. with absolute alcohol, or 
dissolve the potash in its own weight of water, and make up to 500 c.c. with 
purified “ industrial ” methylated spirit (non-miheralised) about 91 per cent, 
strength, and saponify under a reflux condenser. Add a few drops of phenol- 
phthalein solution and neutralise by titrating with 10 per cent, acetic acid. 
Into a 500 c.c. wide-necked conical flask place 20 grms. lead acetate, and 
dissolve in 300 c.c. of boiling distilled water. Slowly pour the neutralised 
soap solution into the boiling acetate, shaking constantly as*tiix*lead salts 
separate. Cool under the tap, rotating the flask meanwhile to cause the 
salts to adhere to its sides. Pour off the aqueous liquor into a large beaker, 
returning any particles of lead salts that run off to the flask. Wash the lead 
salts with 200 c.c. of warm water (70'') three times, finally draining flask, 
and removing any adherent moisture from the lead salts by means of a wad 
of dry cotton-wool. Add to the flask 80 c.c. of ether, cork securely and well 
$hake till the salts are broken up. Piece under reflux condenser and heat 
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by applications of hot water to flask, shaking at intervals, for 15 minutes. 
Cork flask, and place in water at ^ 5^ for i hour, then pour contents on to a 
filter in a funnel placed in the mouth of a 500 c.c. separator and cover with 
watch glass till the ethereal solution has filtered through. The filter-paper 
with the insoluble lead salts is trj|^sferred to the flask again, boiled and cooled 
as before with a further 40 c.c. of ether, and filtered through a fresh paper. 
After draining, any remaining lead salt in the flask is washed out on to filter 
with a further 40 c.c. of ether, and this is allowed to drain through. The 
filter-paper containing the insoluble lead salts is placed in a beaker, a little 
•pumice powder added, and boiled for half an hour w^ith 50 c.c. of 20 per cent, 
hydrochloric acid solution, making up for any loss, by evaporation, of acid. 
The liquid is run into a separating funnel, cooled to 15°, 50 c.c. of ether is 
then added, the separator shaken and allowed to stand. The aqueous 
li(]uor and^ precipitated lead chloride are then run off, the ether layer shaken 
with 20 c.c. of 10 per cent. IlCl, allowed to stand, the acid removed, and the 
ether washed w^ith three successive quantities of 20 c.c. of water. The 
ethereal solution is run into a small flask, the solvent evaporated off, and the 
acids dried at 100° in the water-oven. The IM.Pt. of the fatty acids and the 
iodine value are then determined. Tortelli and Fortini obtained the following 
results : 

Table XCIX, — Results of Chemical Tests (Tortelli and Fortini) 



Iodine Value 
of Solid Fatty 
Acids. 

1 

Olive oil 


Rape oil 

62*0 

Olive oil 50 rape oil . j 

32-0 

n 304 » i 

28*0 

n 20/^ ,, j 

22*1 

,, 10% „ j 

12*8 

Sesame oil . . . . | 

9’3 

Arachis oil . . . . i 

13*0 

Cotton-seed oil . . ! 

1 90 


i 


Melfinp: Point of 
Solid l^'atty 
Acids. 

• 

Critical Te^mpera- 
tiire of Solution 
oJ Sodium Salts 
ot Liquid Fatt^' 
Acids. 



5S-59 

24-20 

41-42 

50-45 

47-48 

40-35 

48-49 

35-30 

5°-5i 

35-30 

54-55 

34-30 

55-56 

20- l8 

57-58 

22~i8 

57-58 

16-14 


I 


Kreis and Roth (Analysiy xi^)*bMse the detection of rape oil 

in other oils on a method ^lepcnding upon fractional precipitation of the 
lead salt. The work has been extended by Kreis who, in a later paper 
{Aiialysty 1913, 38, 434), states that 5 per cent, of rape oil may be detected 
in olive bil by means of the following process : The fatty acids from 20 grms. 
of the oil arc dissolved in 100 c.c. of 95 per cent, alcohol and the boiling 
solution L^treated with 1*5 grm. of lead acetate dissolved in 50 c.c. of alcohol. 
After standing for twelve hours at a temperature below the lead salts 
are collected, washed three times with alcohol, and the fatty acids are liberated 
from the salts by treatment with hydrochloric acid. The fatty acids thus 
obtained are again dissolved in 100 c.c. of alcohol, and the boiling solution 
is treated with i grm. of lead acetate dissolved in 50 c.c. of alcohol. After 
twelve hours the lead salts are separated by filtration, and the fatty acids 
remaining in the filtrate are recovered by evaporating off the alcohol and 
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treating the residue with dilute hydrochloric acid. The melting-point of 
this fraction of the fatty acids is now detennined. In the case of pure olive 
oil it will be about 47°, but is considerably lower when rape oil is 
present. 

Biazzo and Vigdorcik {Analyst, 1917, 429 86) use a somewhat lengthy 
process which depends upon the potassium-salt-acetone method of separating 
fatty acids, followed by precipitation of the lead salts, hydrogenation of the 
acids so obtained and the further separation of the hydrogenated acids by 
means of their lead salts. This method would appear to be too lengthy 
for general use and to offer no particular advantage over that of Tortelli' 
and Fortini. 

Thomas and Yu {Analyst, 1923, 48, 128) have proposed another method 
for the separation of solid and liquid acids depending upon the solubility 
of their magnesium soaps in 90 per cent, alcohol. They have applied this 
method to the detection of rape oil in mixtures, when they were able to 
isolate fairly pure specimens of erucic acid from samples of rape oil. This 
method would appear to have possibilities and should be examined at length. 

Adulteration . — The most common method of adulteration of rape oil is 
the addition of mineral oil. Such mixtures are frequently sold as “ burning 
colza ” but a large number of samples submitted simply as colza oil are 
grossly adulterated. During one period, out of fifty samples examined by 
the writer sixteen samples contained proportions of light mineral oil varying 
from 80 to 7 per cent. This adulteration will be shown by an increase in 
the unsaponifiablc matter which is nit more than 1*5 in a genuine oil and 
usually also by the change in the specific gravity, iodine value and refractive 
index. The amount of light mineral oil may be determined by heating 
2 grins, in a flat bottoii^ metal dish on the water-bath until no further loss 
occurs — a genuine oil usually gains about 0*6 per cent, under these conditions 
and a suitable correction may be made if necessary. 

Rosin oil is also a likely adulterant either with or without mineral oil. 
It may be detected by the Liebcrmann Storch test, from the increase in 
the unsaponifiable matter, and from the alteration in the specific gravity 
and refractive index, although light mineral oil and rosin oil will tend to 
neutralise one another in the two latter characteristics. 

Other seed oils, e.g. German sesame, are sometimes used as adulterants 
when the price of these is low and that of rape oil is high. This will be 
detected as a rule by a reduction in the viscosity and an increase in the saponi- 
fication value. Linseed oil would be detected byuthe insoluble bromide 
value (about 2-3 in the case of rape oil) whilst cotton-sced oil might be 
detected by the Halphen reaction. Thi titre test may frequently be of 
advantage as that of rape oil, iz'" to 13^, is particularly low. 

Other oils of the Crucifera are sometimes Uoetl as adulterants. Where 
only small quantities are added it is almost impossible to detect them, but 
where this type of adulteration is practised complete' substitution ^usually 
takes place; such substitution may usually be detected with more or less 
certainty by a consideration of the usual characteristics together with the 
smell and taste. The constants of some of these oils are givenJ^eJow under 
ravison oil, jamba oil and charlock-seed oil. 

The two following miscellaneous references may be noted, 

L. Bussard, “ The Greening of Colza Seed Cake.” J.S,C.L, 1911, 
30, 643. 

W. B. Smith, “ Index of Refraction of the Mixed Fatty Acids of 
Rape Oil,” 1912, 31, 139.^, 
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Romm oiL — Ravison oil is obtained from a variety of Brassica campestriSy 
the Black Sea rape seed. The oij*itsclf is similar to rape oil, but, as usudly 
marketed, it is not suitable for use as an edible oil, whilst its higher iodine 
value and better drying propertAs render it much less suitable as a lubri- 
cating oil. The following are typical characteristics for the oil, the iodine 
value and decreased viscosity (about 10 per cent, less than rape oil) being 
valuable diagnostic features : 


Specific gravity at 15*5° . . 0*918-0*921 

Saponification value .... 173-178 

Iodine value 1 10-120 

Iodine value of insoluble acids . 126 

Iodine value of liquid acids . 124 


• 

Jamba OiL — Jamba oil is obtained from a somewhat ill -defined variety 
of Brassica which is closely related to rape seed. The oil is, however, 
inferior to true rape oil as it is not possible to produce from it a “ blown 
oil ’* of satisfactory quality. The taste and smell render the oil fairly easy 
to detect. Typical characteristics are given in the following table : 


Specific gravity at 15*5'’ . . . 0*915 

Saponification value .... 1 72-175 

Iodine value ... . 95~i04 

Titre °C . 11-16 

M.Pt. of acids '"C 19-21 

Iodine value of acids .... 96 


Charlock-Seed OiL — This oil (obtained from Brassica arvenis) has been 
examined by Bailey and Burnett, who obtained the following results : 


Table C.-— Results prom Ciiarj.ock-Sfed Oil (Bailey and Burnett)"*^ 


Ex})rcssc(l 


1 Oil. 

Etljcr. 

i^ctroleum 

Spun. 

Sp. gr..at i5°/i5° . . 

0*9221 

0*9272 

0*9212 

Refrac index at 40° .... 

1-4670. 

1-4685 

1-4674 

Saponif. value 

182*9 

183-1 

181*0 

Iodine value (Hanus) 

121*1 

119*8 

119-3 

Insol. acids and unsap, matter . 

95-3 

95 -4 

95-2 

Soluble ^cids 

0 

0 

0 

Mean mol. wt. of insol. acids . 1 

339-1 

338-1 

334-8 

Percentage of liquid acids . 

89-3 

90*0 , 

90*0 

Iodine vaktCw^^f liquid acids . . | 

126-0 

122*3 : 

125*0 

Percentage of solid acids 

3-1 

1*6 ' i 

1 2*0 

Iodine value of solid acids . . 


i 62*0 

6i*o 


Oil Extmeted P)y 


7.5.C./., igiG, 35, 696. 



CHAPTER^ X 

Sesami^ Oil 

SesamT: oil is obtained from the seeds of the sesame plant, sesamum indicum^ 
of which several varieties or sub-species are known. Commercially the’ 
seeds are known as white or black. According to the rules of the trade, 
the white sesame must contain at least 85 per cent, of white seeds. If the 
proportion of dark seeds exceeds 15 per cent., an allowance is made, when 
the proportion of dark seeds exceeds 25 per cent., the term wfeite sesame 
no longer applies (Lcwkowitsch). The plant is probably a native of Southern 
Asia but it is now cultivated in many tropical countries, particularly in 
India and the Far East and in those countries bordering on the eastern and 
south-eastern portion of the Mediterranean. 

The seeds contain a large proportion of oil, the published figures varying 
from 47 to 60 per cent., the average figure being from 50 to 55 per cent. 
Ether usually extracts from the seeds about 2 per cent, more oil than does 
petroleum spirit. The expression is usually carried out in three stages. 
The first expression, carried out in the cold, yields the finest oil particularly 
suitable for edible purposes, the seftond and third expressions are carried 
out at a higher temperature and yield inferior but still good oils. Unsound 
seed is now frequently extracted and the extracted meal used as a fertiliser, 
but the extraction proc.ess is making headway and it is quite likely that in 
the case of sesame oil, as with other oils, the bulk of the od of the future will 
be obtained by extraction. 

There is a food-stuff wdiich was used in Turkey and known as Tachim. 
It was composed of the sesame seeds ground up with the contained oil. 
It was occasionally ground up with sugar to make a kind of nougat and 
was suggested in the early part of the war as a possible ration. 

The cold-drawui oils are usually of sufficiently good flavour for use 
without further refinement beyond settling and filtration. The lower qualities 
are refined by treatment with an aqueous solution of caustic soda (sometimes 
follow'ed by treatment with a small quantity of dilute hydrochloric acid) 
removal of the precipitated colouring matters and ii^purities by decantation 
and treatment with fuller’s earth 

Cow/)o« 7 /o«.— Sesame oil ^contains (fLane, J.S.C.L, 1901, 20, 1083) 
12 per cent, to 15 per cent, of solid fatty acids and 75 to 80 per cent, of 
liquid fatty acids, the latter of which consist lb? the most part of oleic and 
linolic acids. 

Jamieson and Baughman {Afialyst, 1924, 49, 236)* have examij;ied the 
oil at some length and find that the oil contains glycerides as follows: Oleic, 
48*1; linolic, 36-8; palmitic, 77; stearic, 416; arachidic, 4-0; lignoceric, 
a trace. 'Fhcir sample of oil contained 17 per cent, of uiWflponifiable 
matter. ♦ 

The unsaponifiable matter, which usually amounts to a little over 
I per cent. (Lcwkowitsch gives as the limits 0*95-1 *32), has been studied 
by a number of workers wLo find that several substances are present.* The 
phytosterol has a melting-point of i37'''-i39'', whilst that of the acetate is 

* Cf, Schaefer, J.:\C.L, 1919, 38, Steiiarl gives 1-52 per cent. 
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2^33 


about 129^-130°, although a figure as low as 122° has been found by Steuart. 
In addition to the presence of sjirol other substances are present, one of 
which, sesamin, is strongly dextrof/otatory, and also a thick non-crystallisable 
oil which gives the Baudouin telt mentioned below. This subject cannot 
yet be considered as in any way sf ttled and further work along these lines is 
desirable. 

Marcusson and Meyerheim {y,S,CJ,, 1916, 35, 549) make use of the 
optical rotation of sesamol (which they give as [a]„-52‘^) for the detection 
of sesame oil in other oils. 

For further information reference may be made to the following papers: 
Merkling, J.iS'.C./., 1888, 7, 45. 1 ocher, P.J., 1891, 639; 1893, 50, 700. 
Villavecchia and Fabris, J.S.CJ.y 1894, I 3 » ^ 9 * I^Ialagnini and Armanni, 
Analyst, 1907, 32, 391. 


Table GI. — Characteristics of Sesame Oil and Fatty Acids 


Authority. 


s.c, 

15°. 

1 

S.ip. 

VjLlnc-. 

' 1 

J"'!'"'-' 1 «„«>. 

\ alue. 1 “ 

- 501 . Pt. 

“C. 

R M. 

Acid 

Value. 

Lewkowitsch 

1 

0'920- 

0*926 

188-193 

1 

103-115 1 1-4655- 

[•4671 

-4 
to— 6 



Mitchell 

0*921- 

0*924 

188-193 

IO2-I17' 

1 

1 . ' 


1-2 

1 ___ 

1 

U.S.P. . . 

0*920- 
o* 92 c; I 

188-193 

1 

1 1 * 

103-112' 

1 

1 



B.P. . . . 

0-92 1- 
0-934 , 

189-193 , 

' 

103-1 14 j 1-4650- 
1-4675 

1 

1 

not more 
than 8 


Fryer and ' 

Weston . 

1 

0*921- 

0*925 

' 188-^193 ! 103- no 

1 1 

1-4657- J .. 
1-4659 , 

1 

about 5 

1 

Re vis and 

Bolton 

o* 9 ^-<^ 

0*924 

1 xu 3 -i 93 

' 1 

1 

1 

103-110 

i* 

1 

1 

1-4652-1 .. 

I *4.062 

• ! 

1 ' ■ 

1 

1 
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\iithority. 

Sol. Vi 

M 1 1 . 

LV. 

I V. Liquid! 
Ac ids. 1 

1 ISeutialisa- 
' tion Value. 

Lewkowitsch ... 

21-24 

i 1 

24-30 

i 

IO9-I12 1 

1400-13 

196-201 

1 


. Properties and Special Tests , — Sesame oil, also known as tcel oil and 
gingili oil, is pale-yellow in colour, practically without odour, and having 
a slight agreeable taste. It is usuajly classed among the semi-drying oils 
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but actually its drying powers are not very much greater than those of olive 
oil and are considerably less than those of Votton-seed oil. The most note- 
worthy characteristic of the oil is its opticauactivity, all oils giving a definite 
positive rotation which varies from o-8° to in a 200 mm. tube, although 
figures as high as 9*0° have been recorded ; f this latter figure must, however, 
be looked upon as suspiciously abnormal. Castor, croton and rosin oils 
are the other optically active oils which are likely to be met with under 
ordinary conditions (cf. chaulmoogra oil, etc.); in the absence of these oils 
the optical activity of sesame oil may be of some assistance in its 
identification. 

Sesam^ oil gives several characteristic colour reactions of which the 
most important, the Baudouin test, with its modifications and shortcomings 
are dealt with on page 82. Many of the others are of minor importance but 
a few are selected for special mention on account of their utility* in special 
circumstances. The colour producing substances tend to pass into the 
milk of animals feeding on the oil', thus Engel {Analyst, 1906, 31, 158) 
examined the milk obtained from three wet-nurses after giving them fairly 
large doses (100 grms. at a time) of sesame oil. He found that the fat always 
gave the Baudouin reaction after an interval of only one and a half hours 
between the feeding and taking the sample, a longer time being needed before 
the iodine value increased. He also found that when the sesam^ oil was 
taken only once, or only for a few days, the fat gave the reaction for the whole 
period of time during which the iodjjie number reached its maximum, and 
that then an interval occurred during which no reaction could be obtained, 
followed by a third period, on the same day as the second, during which 
the reaction again occurred. If, however, sesame oil is administered over 
longer periods, these tliftjc intervals lose their distinctness, and the reaction 
is obtained even after the iodine value has begun to decrease. 

Soltsien’s test is especially useful in testing margarines for sesame oil 
in those cases where colouring matters have been added (which give a reaction 
with Baudouin ’s reagent and which cannot readily be removed by washing 
with hydrochloric acid), since these are reduced and rendered colourless. 
The test may be carried out by mixing the oil with an equal volume of 
stannous chloride solution and heating in the boiling water-bath when a 
red colouration is produced. It has been found, however, that the delicacy 
of the reaction is impaired if the constituents of the mixture remain too 
long in intimate contact so that to obviate this difficulty the following 
modification has been used: 5 c.c. of the oil arc dissolved in 10 c.c, of 
petroleum ether and 2-5 c.c. ofc concentrated stannous chloride solution 
(prepared by mixing 5 parts of# crystalling stannous chloride with i part by 
weight of hydrochloric acid, completely saturating with hydrochloric acid, 
gas, decanting and, if necessary, filtering througli asbestos) are added. 
The mixture is thoroughly shaken, until a homogenepus mixture results, 
but not longer, and immersed in water at 40°. After the stannous chloride 
solution has separated out, the test-tube is placed in water at 80*^ in such a 
manner that only the stannous chloride solution becomes warm and the 
petroleum ether layer does not commence to boil. In the preseriCWf sesam^ 
oil the stannous chloride solution is stated to show after warming for 3 
minutes a distinct red colouration. 

Soltsien {Analyst, 1906, 31, 266) is of opinion that the furfurol reaction 
and the tin reaction of sesame oil are not due to one and the same substance. 
Both the compounds can be extracted by shaking the oil with alcohol of 90 
per cent, strength, but thorough extraction with hydrochloric acid of 
specific gravity 1*125 removes the subctcnce that gives the furfurol reaction, 
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whilst the oil still gives the tin reaction as strongly as before. This opinion 
is also held by Zimmermann (JJ.CJ., 1912, 31, 443), who states that i per 
cent, of sesam^ oil will give th^oltsien reaction. (Cf. Utz, 1913, 

950.) . I 

Lewkowitsch, who does not recommend this test, states that the reaction 
is no longer given by rancid sesame oil and that fat extracted from cakes 
and pastry prepared with pure butter always gives a red colouration. 

Tocher tests for the oil by shaking 15 c.c. of the oil for about 30 seconds 
with a freshly made practically colourless solution of i grm. of pyrogallol 
in 15 c.c. of concentrated hydrochloric acid (S.G. i*i6). The aqueous 
portion is filtered through a wet filter-paper and heated for 15 minutes on 
the boiling water-bath. Sesamd oil gives a reddish-purple fluorescent 
solution. According to Bellier this reaction is not given by certain 
genuine alive oils which give a positive reaction in the Baudouin test, 
but this may quite easily be due to the greater delicacy of the latter 
reaction. 

Guarneri^s test for sesamd oil {Analyst ^ 1912, 37, 62) consists in treating 
the sample with a few drops of an ethereal solution of hydrogen peroxide 
and a little nitric acid of sp. gr. 1*4, when a blue colouration should be 
obtained in the presence of sesame oil. A similar test has been described 
by Kreis. Utz {Analyst^ 1912, 37, 62) described a series of systematic 
tests made upon different oils and fats, from which he concludes that the 
colours obtained in the case of mixtures arc not sufficiently distinctive, and 
that the reaction is not sufliciently Sensitive. The Baudouin test and 
Soltsien’s tin chloride reaction are much more reliable and sensitive than 
Guarneri’s reaction, (Cf. Bosch, 1915, 34, 288.) 

Bellier^s test consists in shaking 2 c c. of the oil with 2 c.c. of a saturated 
solution of resorcinol in beirzene and 2 c.c. of concentrated nitric acid. 
Steiner {J.S.CJ.j 1923, 42, 676A) considers that this test is useless in 
general for the detection of the admixture of vegetable fats with butter. 
The sensitiveness of the reaction is far less in the case of butter than in that 
of lard. As a special test for sesame oil, however, it is at least equal in 
sensitiveness to Baudouin ’s reaction, and is useful for confirming an uncertain 
Baudouin reaction. 

Adulteration of sesame oil is not unknown. Of the oils used as sub- 
stitutes or adulterants the more common are rape, poppy-sced, cotton-seed 
or arachis. For the purposes of detecting adulteration the iodine value 
(poppy-sced oil) titre (cotton-sced oil) and saponification value (rape oil) 
are most likely to be of value, whilst arachis oil may be detected and 
determined by the usual method;. The adulteration of other oils with 
sesame is not frequently practised on accoutU of the ease with which 
an average sample of sesame oil can be detected by means of the colour 
tests. 

Hycjrogenated sekame oil has been studied by Paul and Roth, who found 
that w^hen the iodine value was reduced to abo it 2*0 the M.Pt. was about 
They found that with increasing reduction the intensity of the Baudouin 
reaction became less and less and when the iodine value became as low as 
2*0 became very faint. - When the hydrogenated fat was allowed to stand 
the intensity of the Baudouin reaction increased, but did not again become 
equal to that of the original oil. 

An oil, obtained from the seeds of Ceratotheca sesamoidesy has been 
described by Bolton {Analyst, 1919, 44, 233). The seeds from which the 
oil is obtained closely resemble those of the sesame plant and the oil itself 
has very similar characteristics. T|iijs Bolton found : 
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Specific ^avity 15-5 . . 0*916 

*. • .* • • 1*4656 

Saponification value 190*2 

Acid value ... i*2 

Iodine value . . 110*6 


This oil may be distinguished from sesame oil in that it does not give the 
Baudouin reaction, neither does it give the Halphen reaction for cotton-seed 
oil. 

German sesam6 oil (dodder oil, cameline oil) is obtained from the seeds 
of Camelina satvoa^ Crantz, a plant which was at one time largely grown in 
Germany. The seeds contain some 30-35 per cent, of a light yellow oil 
having a peculiar pungent odour, of which about 28 per cent, may be 
obtained by expression in the hot and about 28 per cent, by extraction with 
solvents. The oil, which probably contains the glycerides of oleic, linolic, 
palmitic and erucic acids, has only slight drying properties and is chiefly 
used as a substitute for or an adulterant of rape oil, the iodine value of which 
it will increase. The following characteristics have been observed : 


Table CII. — Characteristics of German Sesamp': Oil 


Observer. 

S.G. Sol. Pt. 
15^ "C. 

Acid 

1 Sa)). 
Value. 

! 

1 lod'iio 

1 N'alue. 

1 

UnsajJ 

‘/O • 

1 

Titre. 

X. 

De Negri and 
Fabris . 

I 

o-92b j . . 


188 

135-3 



13-14 

Grimme * 

0-922 —15 to 
! -'16 

13-2 

185-5 

I3S-I 

1*4688 

i*i6 1 

15-16 

Other observers . 

0-924-: — iS 
0-926 i 

1 


142-4 

1 

I 

.. 1 

1 

1 

- * j 



y.5.c./., 1912, 31, 500. 
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NON-DRYING OILS 

Calumpang Nut Oil 

This oil, also known as Java olive oil and sterculia oil, is obtained from the 
seeds of Sterculia factida, L. The seeds which are known as Java olives oi 
Beligno seeds, arc described by Wedemeyer {Analyst^ 1906, 31, 361) as 
follows: “ The Java olive is the seed of one of the Sterculiaccfe, and consists 
of an outer parchment-like husk enclosing a hard shell, which contains the 
fleshy part of the seed. The shell yields about 10 per cent, of a yellow, 
butter-like fat, and the fleshy part 46*6 per cent, of a bright yellow oil, 
whilst the whole seed (husk, shell and flesh) yields 30-3 per cent, of oil. 
This oil from the whole seeds is .similar in appearance to olive oil, has a 
.slightly rancid smell, but an agreeable taste.” 

Oil is contained botli in the skin and pulj) (to the extent of about 10 per cent.) 
and in the kernels (which contain up to 50 per cent, of oil) the whole seeds 
yielding about 30 per cent, on extraction ; higher figures have been obtained 
by other workers, but there is some confusion between the oil in the kernels 
and in the whole seeds. I'he oil gives a well-marked Halphen reaction. 

Table GUI. — Examination of Calumpang-Nut Oil 


Authority. 

1 Source ol 

i 

1 S.(h 

1 15 '“. 

1 


i 

i 

Titre. 

Acid 

Val. 

Sol. 

I’l. 

Vali 

l^edemeyer 

Whole seed 

i 

! -926 

1 187-9 ; 

; ^-4654 

i •• 



0*{ 

ontoux 

Pulp oil 

I • * 

■ 172-4 -4 

1 . . 

■■ 

PJxpressed oil. 

>» • 

n 

! •• 

1 19^'® ! 5^*7 

1 ! 



PJxtracted with 
petroleum ether 


kernel oil 


193-8 5(>-3 

1 

43 

Extracted with 
carbon bisulphid 

” 1 

1 


00 

4 ^ 

i 

1 


Extracted with 
petroleum ether, 


ooper . [ 
Bolton and 


*•919 

199*3 1 83*0 j 

1 1 

! 

I 

31-5 


i 


Jesson . 

Pulp oil 


■ ■ 166-3! 

1*4680 



.. i 


»> 

Kernel oil ; 


193-8 75-8 

1-4658 

, , 

i*o-^ 

-6 


rill and 

ft 






Accaoli ® 

Kernel oil 

•925 

212*2 ' 76*1 

1-4645 


0-3 

, . 


Georgi . ! 

fulp oil 

“=0-8561 

191*2 69*7 

i8o*2 ■ 62*3 ! 

; j 

1-4578 

30-31 

74-2= 

. . 

, . 

»» 

Kernel oil 

0-8676 

I *4620 

50-3' 

io*6'"‘ 

• • 



^ J.S.C./., 1923, 42, 462A. ^ At 100/15*5. seeds were mouldy 
when examined. Unsaponifiable matter was 3*7 and 5*6 per cent, respect- 
ively. * At. 30-5. 3 The seeds are described by these authors as Kalcem- 
pang beans or Beligho seeds. Analyst^ IQ15, 40, 3. ^ Oleic acid per cent. 

« Ibid,, p. 505. 
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Bontoux (Lewkowitsch, Technologie et Analyse chimiques des huiles^ 
graisses et dres^ traduit par E. BontoHX, Vol. II, p. 902) has examined 
separately the oils obtained from the pftlp and kernels of seeds furnishing 
17 per cent, of skin and pulp, 30 per cent|of husks and 53 per cent, of kernels. 
The skin and pulp yielded by extraction with carbon bisulphide 28*6 per 
cent, and the kernels 53*6 per cent, of^il respectively. The fatty matter 
obtained from the former was a light yellow pasty mass, becoming clear on 
warming above 30°. The expressed fat has a pleasant odour and taste. 

The kernel oil differs from the pulp oil in its behaviour on heating to 
240°-‘245° (Wedemeyer) when it is suddenly converted, with considerable 
generation of heat, into a solid india-rubber-like substance; the substance 
obtained is insoluble in the usual solvents. This property has doubtless 
something in common with the high figxire 163, given by this oil in the 
Maumcn^ test which, taken into consideration with the iod^pe value, is 
characteristic of this oil. The composition of the oil has not yet been 
determined. 

It is somewhat difficult if not impossible to reconcile the data given by 
various workers. Some of the variations recorded are doubtless due to the 
decomposition of the oil as in the case of the seeds examined by Georgi, 
which were mouldy, but even a theory of this kind will not explain such 
diverse figures for the saponification value as 212 and 173. Further work is 
desirable. 

Oil from Canarium Species 

Many species of Canarium such as C. Commune^ C. Oleosum^ C, poly- 
phyllum^ yield edible fruits somewhat resembling almonds, the kernels of 
which yield considerable quantities of oil. 

The following results have been recorded: 

Table CIV.— Examination of Oils from Canarium Species 


Observer. 

vSpccies. 

Acid 

Value 

Saj) 

Value. 

Tod me 
Value. 


Title, 

M.Pt. 

K.M. 

Per cent. 
Oil in 
Kernel. 

Unsap. 

per 

cent. 

Vedemeycr 

Commune 

22-8 

193*5 

647 

1*4590 

37*2 

, . 

0*1 

72 


^astrovich . 


1-3 

194*3 

65-6 

1*4601 

41*0 

28-5 

0*0 

66 

0-44 

jrimme 

Oleosum \ 

1 

197-0 

63-0 1 

1*4591 



. . 


0-97 

Crause 
Vagner and 

Polyphyllum 


1 200-2 

i 

597 

1-4679 

1 • • 

30 

4*41 

68 

• • 

Lampart . 


i 

^ 1897 

53-0 

•• 

! ‘ * 


0*3 




Several species of Canarium have been examined at the Imperial 
Institute {Analyst, 1915, 40, 239) with results 33 given in the following table : 


Species. 

Moistii re 
j)er cent 

Crude 
i'rotems 
per cent 

True 
Ihotem^ 
per cent. 

Fat 

pel cent. 

1 StauTi, 
i etc., 
I])er cent 

Fibre 
per cent. 

Ash • 
per cent. 

Nutrient 

Ratio.* 

Food 
Units, t 

7. commune 1 

2*9 

I3-S 

12-9 

72-3 

1 7*4 

trace 

3 V 

1 : 12*3 

221*9 

"^.rufumX . 

3*9 

16-4 

15*5 : 

70-5 

1 4*2 

trace 

S'O 

i: lo-i 

231*4 

7 . colophania 

4*2 

iS'9 

15*3 : 

64-6 

; 9*0 

2*1 

4-2 

i: lO’O ! 

2 I 0 *S 


* The ratio bet ecu the percentage of crude protciiifc and the sum of the per- 
centages ot starch and lat, tlie latter being first converted into its starch equivalent. 

t The total obtained bv adding the percentages of starch to 2*5 times the sum. of 
the percentage of fat and crude proteins. 

X Seed coats removed betore analyst, 
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The seeds of C. hmnieum, from the Philijppine Islands, are used in 
United States for dessert under thi name of “ pili nuts.” (Cf. Pili-nut oil, 
Awfyrf,i924,49,38.) I 

CiWA Oil 

The exact botanical source of ^arapa oil is not clear, as much confusion 
has arisen over the different varieties of carapa. C, guyanensis, C. toulousouna, 
C. procera^ C. surinamensis, C. moluccensis have all been described but are 
probably synonyms or at least only minor varieties. 

' The oils of C, grandiflora^ C. guyanensis (C. procera) have been examined 
by Lewkowitsch (Analyst, 1908, 33, 184; 1909, 34, 10), who obtained the 
results given in the table below. The kernels of the former contained 30 
per cent, of oil, those of the latter 57 per cent, of oil. The oils were found 
to have an mtensely bitter taste. Sprinkmeyer and Diedrichs (Ibtd., 1912, 
37 > 349) examined the fat of C, procera which they term Tulucuna fat, 
whilst Bolton and Hewer (Ibid., 1917, 42, 35), who emphasise the botanical 
confusion, have examined the fat of C. guyanensis, and state that the confusion 
is increased by the fact that they have found several specimens of Andiroba 
oil (the native name for carapa oil) having a rotation of 07 in a 100 mm. 
tube, whereas Lewkowitsch regards the oil of C. procera as being free from 
optically active compounds in contradistinction to the oil of C. grandiflora. 
Bolton and Hewer found 58 per cent, of oil in the kernel and 43 per cent, 
in the whole seed. The following characteristics have been obtained by 
the observers named : • 


Table CV.— Characteristics of Carapa Oil 






1 

• 





Observer, 

Source. 

S.G. 

Sol. 

Pt. 

T. 

0^ 

Iodine 

Value. 

Reicher 

Unsap. 

per 

cent. 

Titre. 

"C. 


Lewkowitsch 

^ C.grandiflora 

0’926 

8 

>5-23 ! 198-1 

83-7 

3-8 

375 

35 


»> 

2 

>) 

0-931 

10 

20-30 i 201-8 

72-6 

3-8 

I -59 

39 

. . 

n 

^ C. guyanensis 

0-927 
0-933 1 

12 

>5-36; 197-1 

75-7 i 

3-5 


35 

1-4623 

n 

1 n 

14 

15-48 i 196-4 

71-3 

3 'i 

2-04 

36 

. , 

Sprinkmeyer 

i 

1 





& Diedrichs. 
Bolton & 

C. procera * 

1 

* ’ 1 

» 1 

32 

38 1 194-8 

64-9 

2-3 



1-4604 

fiewer . . 

C. guyanensis t 

, . 1 

1 


28 1.197-0 

i ' . 

62-2 

2-S 

0-56 

36 

1-4593 


^ Cold-pressed oil. ^ Hot-pressed oil. 


Cashew Kernel Oil 

• 

This otl is obtained from the kernels of the ca*hew-nut tree (Anascar- 
dium occidentale, L.) which is widely distributed in the East and West 
Indies, notjbly in the Philippine Islands. This oil has, been examined 
recently by several observ^ers of whom may be mentioned Niederstadt, 
Bolton and Jesson (Analyst, 1915, 40, 3), Fatal, Sudborough and Watson 
(J.S.C.L, 1923, 42, 562A, 987A) and West and Cruz (Analyst, 1924, 49, 
39). An examination of the saturated and unsaturated fatty acids by the 
last authors indicated that the oil was composed of oleic glyceride 80*4, 
stearic glyceride 17*3, and unsaponifiable matter i *5 per cent., making a total 
* Polenske, o'5. ♦ ^olenskc, 0*3. 
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Bontoux (Lewkowitsch, Technologie et Analyse chimiques des huites^ 
graisses et am, traduit par E. Bontop, Vol. II, p. 902) has examined 
separately the oils obtained from the pulp and kernels of seeds furnishing 
17 per cent, of skin and pulp, 30 per cent] of husks and 53 per cent, of kernels. 
The skin and pulp yielded by extraction with carbon bisulphide 28*6 per 
cent, and the kernels 53-6 per cent, of (oil respectively. The fatty matter 
obtained from the former was a light yellow pasty mass, becoming clear on 
warming above 30"". The expressed fat has a pleasant odour and taste. 

The kernel oil differs from the pulp oil in its behaviour on heating to 
240^-245'^ (Wedemeyer) when it is suddenly converted, with considerable 
generation of heat, into a solid india-rubber-likc substance ; the substance 
obtained is insoluble in the usual solvents. This property has doubtless 
something in common with the high figure 163, given by this oil in the 
Maumcne test which, taken into consideration with the iodjpe value, is 
characteristic of this oil. The composition of tlie oil has not yet been 
determined. 

It is somewhat difficult if not impossible to reconcile the data given by 
various workers. Some of the variations recorded are doubtless due to the 
decomposition of the oil as in the case of the seeds examined by Georgi, 
which were mouldy, but even a theory of this kind will not explain such 
diverse figures for the saponification value as 212 and 173. Further work is 
desirable. 

Oil from Canariiim Species 

Many species of Canarium sucTi as C. CommiinCy C. Oleosuniy C, poly- 
phylluniy yield edible fruits somewhat resembling almonds, the kernels of 
which yield considerable quantities of oil. 

The following results have been recorded: 

Table CIV.—Examination of Oils from Canarium Species 


Observer. 

Species. 

Acid 

Value 

Sa]). i 
Value'. 

! ! 1 

dodinc'i 

Valuo.l «'"• 

1 

Titre. Im.it. 

1 X \ j 

R.M. 

Per cent. 
Oil m 
Kernel. 

Unsap 

per 

cent. 

Wedemeyer 

Commune 

j 22 ’(S ; 

i 93’5 

647 1-4590 

37-2 


o-i 

72 


Pastrovich . 


1*3 i 

194-3 

65-0 1 1-4601 1 

41*0 

28-5 

0-0 

66 

0-44 

Grimme 

Oleosum 


197-0 

6 VO i- 459 > 


. . 

0-97 

Krause 

Polyphyllum 


200-2 

597 j 1-4679 


30 

4-41 

68 

Wagner and 
Lanipart . 

V 


189-7 

i ! 

53 - 0 1 .. i 

« 

0-3 


.. 


Several species of Canarium have been examined at the Imperial 
Institute {Analyst y 1915, 40, 239) with results given in the following table : 


Species. 

Moistnn- 
j)er cent. 

Crude 
iTotcitib 
per cent 

Truf 
rroteiTis 
per cent 

ral 

percent.! 

‘ 'percent, 

Abre 1 Ash , 
per cent, jper cent. 

Nutrient 

Ratio.* 

Food 
Units, t 

C. commune J 

2-9 

13-5 

12-9 

72-3 i 

7-4 

trace 

3 ' 9 * 

i; 12-3 

221-9 

C. rufum J . 

3-9 

16-4 

15-5 

70-5 ' 

4-2 

trace 

S-o 

i: 10*1 

231-4 

C. colophania 

4-2 

15-9 

15-3 1 

64-6 1 

9*0 

2*1 

4-2 

i: 10*0 

210-5 


* Theiatio between the percentage of ciudc proteins and the sum of the per- 
centages of starch and lat, the latter being first converted into its starch equivalent. 

t The total obtained by adding the nerceiitages of starch to 2 '5 times the sum. of 
the percentage of lat and crude prot 
t Seed coals removed beiorc anal 
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The seeds of C. tuzomcum^ from the Philippine Islands, are used in 
United States for dessert under th;^ name of “ pili nuts.” (Cf, Pili-nut oil, 
Analyst, 1924, 49, 38.) 

C/Srapa Oil 

The exact botanical source of ^^arapa oil is not clear, as much confusion 
has arisen over the different varieties of carapa. C. guyanensis, C. toulonsouna, 
C. procera, C, surinajnensis, C. moluccensis have all been described but are 
probably synonyms or at least only minor varieties. 

• The oils of C. grandiflora, C. guyanensis (C. procera) have been examined 
by Lewkowitsch (Analyst, 1908, 33, 184; 1909, 34, 10), who obtained the 
results given in the table below. The kernels of the former contained 30 
per cent, of oil, those of the latter 57 per cent, of oil. The oils were found 
to have an mtensely bitter taste. Sprinkmeyer and Diedrichs (Ibid,, 1912, 
37, 349) examined the fat of C. procera which they term Tulucuna fat, 
whilst Bolton and Hewer (Ibid., 1917, 42, 35), who emphasise the botanical 
confusion, have examined the fat of C. guyanensis, and state that the confusion 
is increased by the fact that they have found several specimens of Andiroba 
oil (the native name for carapa oil) having a rotation of 07 in a 100 mm. 
tube, whereas Lewkowitsch regards the oil of C. procera as being free from 
optically active compounds in contradistinction to the oil of C. grandiflora. 
Bolton and Hewer found 58 per cent, of oil in the kernel and 43 per cent, 
in the whole seed. The following characteristics have been obtained by 
the observers named ; '• 


Table CV.— Characteristics of Carapa Oil 


Observer. 

Source. 

c ^ 1 Sol. 

h.Cr. j p, 

15 5 • 1 OQ 

j 

M.Pt. 

°C. 

Sap. 

Value. 

1 

lodmc 

Value 

Reichert. 

Unsap. 

per 

cent. 

Titre. 

X. 


ewkowitsch 

^ C. grandiflora 

0*926 ; 8 

^ 5-23 

198*1 

837 

3-8 

375 

35 


>» 


0*931 1 10 

20-30 

201*8 

72-6 

3-8 

1-59 

39 

. . 


^ C. guyanensis 

0*927 ! 12 

15-36 

1971 

757 

3*5 

1-51 

35 

1*46 

M 

2 

0*933 1 14 

15-48 ; 

196-4 

71-3 

3*1 

2-04 

36 

. . 

^rinkmeyer 
i Diedrichs. 

C. procera * 

1 

• ■ 1 32 

38 

194-8 

64-9 

2-3 



i-46( 

^ItOil & 
fewer . . 

C, guyanensis t 


28 

J 

; 97 -o 

62*2 

2-5 

0-56 

36 

i- 4 S< 


^ Cold-pressed oil. ^ Hot-pressed oil. 


Cashew Kernel Oil 

This oil is obtained from the kernels of the cashe^\ -nut tree (Anascar- 
dium occidentale, L.) which is widely distributed in the East and West 
Indies, notgbly in the Philippine Islands. This oil has been examined 
recently by several observers of whom may be mentioned Niederstadt, 
Bolton and Jesson (Analyst, 1915, 40, 3), Fatal, Sudborough and Watson 
(J.S.C.I., 1923, 42, 562A, 987A) and West and Cruz (Analyst, 1924, 49, 
39). An examination of the saturated and unsaturated fatty acids by the 
last authors indicated that the oil was composed of oleic glyceride 80*4, 
stearic glyceride 17*3, and unsaponifiable matter 1-5 per cent., making a total 

t Polcnske, 0-3. 


o 
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of 99*2 per cent., whilst Patel, Sudborough and Watson found in the fatty 
acids oleic acid 73*8, linolic acid 77,pal|utic 6*4, stearic ii*2,and lignoceric 
0*5. The unsaponifiable matter was mlfnly sitosterol. 


Table CVL— Charact ew Kernel Oil 


Observer. 

S.G. i 5 ’- 

Sap. 

Value. 

Iodine 

Value. 


1, .. Unsap. i Pol- 
jenske. 

Titre. 

"C. 

Acid 

Value 

Bolton and Jesson 

, . 

* 93-7 

79-5 

1-4623 



1*6 

Niederstadt . . 

Patel, Sudborough 


195 

84 

I *4629 

' ! 



and Watson 

0*916“ 

0*918 

180- 

190*6 

8 o- 8 - 

89 

I *4623 
i- 4<>33 

1*6 . 0*42 j 0*25 

' 1 

29-9 

•• 

West and Cruz . 

0*911 

26-4" 

> 

4 1 

187*0 

85-2 

I -4629 

•> 

1 1 

1 1 


* * 


Cornel Oil 

Cornel oil is obtained from the seeds of Cornus sanguineay L., which 
contain upwards of 50 per cent, of a greenish -yellow oil. The oil is also 
called sanguinella oil and dogv;ood oil. The oil has been examined by De 
Negri and Fabris, by Grimaldi [J.S.CJ.y 1911, 30, 1021) and by Normann 
{Ihid.y 1919, 38, 426A), wlio dctcrgiined various constants which are given 
in the table below. The last author also examined the nil from the white 
dogwood, the figures for which are given alongside for comparison. Cornel 
oil is very like olive oil in its characteristics and it may be used as an adulterant 
thereof. Grimaldi gives the following colour reaction for the detection of 
cornel oil in oIi\’C oil ; warm 5 c.c. of the oil with i c.c. of a i per cent, solution 
of agar-agar in nitric acid (S.G. 1*4) for a few minutes and then cool; in the 
presence of cornel oil the oily layer is staled to become yellowish-rcd and the 
acid layer straw^-ycllow. 'Fliis colour reaction stands in need of confirmation. 
The following tal)lc contains the results so far obtained. The figures of 
Normann are quite different from those of the other workers and need to 
be confirmed. 


Table CVII. — Ciiaracteuistics of Cornel Oil 

Au lliuiily. 



I;’*!"’*’ 1 Titri-. 

1 j 

Unsap.i Acid 
j ' \ ciliie. 

De Negri and 


j ~i 

1 1 

i 

r 

Fabris 

j 0-921 

1 1921 

100*8 

; 

Grimaldi . . 

0*921- 

— 12 to 192*0- 

1 100- i 1*4617- 29- 

0*2 : . . 

Normann — 

0-923 

-^5 h 92'5 

1 loi : 1-4624 31 

1 1 

Fruit oil . 

. . ! 192- 

1 15 *8-1 *4624- .. 

1 - 65-1 4 - 2 - 

i 

1 


: 194 

195-4 j 1-4660 1 

2 - 9 - ' 37 -s 

Kernel oil . 


• * 1 193- 

143 •8-| 1-4703 -- 

0-4- i 2-5- 



1 197 

147-8 1 . . . . 

i*i i 108 

Normann — 


1 

1 

1 1 

1 

1 

Cornus 



1 

1 ! • 

Stolenifera . 


- - ' 197 

114*2 1-4659 

.. 1 7-8 


Grimaldi states that the oil has a pleasant odour and is soluble in hot 
but insoluble in cold alcohol. The oil begins to solidify at 0° and becomes 
completely solid at —12° to -15°. 

* TT ! '-J 1 . 



NON-DRYING OILS 

Grape-Sebd Oil 


241 


This oil is obtained from the seeds ot the grape, Vitis vimfera, either by 
expression or by extraction. Larg^ quantities of grape seeds are obtained 
as a by-product of the wine industries of various countries. It has been 
stated by G. Paris that the Italian|production of grape-seed oil 
1912, 31, 80) is as much as 18,000 litres per annum, whilst Shrader (J.iS.C./., 
1920, 39, 131A: 1921, 40, 671A) has stated that the transport of seeds to 
a central station for crushing purposes is a commercial proposition. 

•The seeds consist of some 44 per cent, shell and 56 per cent, kernel 
(Shrader). The kernels contain varying quantities of oil (from 10 to 30 or 
more per cent.) according to the kind of grapes, their method of cultivation 
and the time of their examination. 

The coloqr of the oil depends very largely on the manner in which it is 
obtained. The oil obtained by cold expression, the edible variety, is usually 
of a light-yellow colour although some samples show a distinct greenish 
tinge, whilst oil obtained by extraction or hot expression is much darker, 
and has a more or less pronounced bitter taste. 1'he oil has some drying 
properties as has been shown by Klinger {ylrialysf, 1921, 46, 138) who states 
that the oil dried to a sticky film in four days, and in a shorter time when 
mixed with metallic driers. The oxygen absorption was 7 per cent, in four 
days, whilst a control, using linseed oil, showed 14*7 per cent. On being 
heated to 300° the oil developed “ body more rapidly than linseed oil, 
and in a few hours became a gummy mass? 

The composition of the oil has been studied by various workers, but 
there is somewiiat of a difficulty at the outset. Some observers have found 
that grape-seed oil has a high iodine value (140) and h^w acetyl value (24), 
whilst others have found a much lower iodine value (less than 100) and an 
acetyl value approaching that of castor oil (140). Whether there are two 
distinct types of oil or whether some of the oils examined have not been 
authentic cannot yet be decided finally, but the results of Andre {Afialysl^ 1921, 
46, 288) quoted below would appear to show that wide variations are possible, 

G. Paris 1912, 31, 80) found that the oil contained crucic, 

linolic, oleic, stearic and palmitic acids, although Ulzer and Zumpfe were 
unable to prove the presence of*erucic acid. A large amount of work has 
been done on this subject by Andre {Analyst, 1921, 46, 331 ; 1923, 48, 290; 
y.S.C.L, 1922, 41, 639A; 1923, 42, 410A). This waiter found that the 
only unsaturated acids in thg oil were oleic and linolic, w^hilst stearic, palmitic 
and melissic acids were among the saturated acids. It would appear that 
ricinoleic acid is not present and that^thc hydroxy acids present arc Cj^ or 
Cie acids, one of which is saturated and one unsaturated. Rabak {Analyst, 
1921, 46, 500) found that the i)il of the concord grape consisted of linolin 
53*6, olein 35*9, palmitin 5*2, .stearin 2*2. 

G. Dcir Acqua {Anaiyst, 1915, 40, 54) has published some work on the 
colour reactions of the oil and particularly on its distinedon from soya-bean 
oil. He states that like soya-bean oil, this oil gives a lemon yellow' emulsion 
in the uraniinn nitrate test {Analyst, 1913, 38, 36). The oils cguld be dis- 
tinguished, however, by heating 10 c.c. wdth 3 c.c. of an ethereal 2 per cent, 
solution of uranium nitrate for two minutes m a boiling brine-bath (102^"). 
Soya-bean oil assumes an olive-green colour changing to garnet-red within 
twenty minutes, while grape-seed oil becomes yellowish -green in two minutes 
and golden-yellow within twenty minutes. The reactions of grape-seed oil 
with’ aqueous or ethereal solutions of uranium nitrate are not masked by the 
presence of a large amount of mineral j^il. Hauchecorne’s nitric acid test 
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will also distinguish between the two oils. Soya-bean oil heated for ten 
minutes in water at 6o® with nitric acidfgives an orange-brown colouration 
changing to chocolate-brown, while grape-seed oil assumes an orange- 
brown colour changing to reddish-orangew 

As is the case with most other colour tests these reactions, which are 
apparently based on an examination of a ffcv samples of oils, must be accepted 
with reserve. 

The constants which have been observed by various workers are included 
in the table below. Paris found that the unsaponifiable matter contained 
a phytosterol having M.Pt. 132°-I33° and [a]„ -32*8° of which the acetate 
had M.Pt. i20°-i2i°. 


Table CVIII.—Characteristics of Grape-Seed Oil 


Ob'^crver. 

S.Cx. 

15°. 

Sol. PI. 

X. 

Acid 

Val. 

Sap.. 

Val. 

I.V. 

Rei- 

chert 

Acetyl. 

Val. 


Titre 

°C. 

M.Pt. 

Acids 

X. 

I.V. 

Acids. 

Horn . . . 

0-956 



178-4 

94 

o-S 

144-5 

•• 


•• 

98-7 

De Negri and 
Fabris . . 

o'93S 

-17 to 
-10 


178'S 

179 

95-8 

96*2 

1 

1 

• * ! 

i 


18- 

20 

23- 

25 

99-0 

Ulzer and 
Zumpfo . . 

0*921 

: 

' 

190 

142*8 


437 

1-4657 

. . 

. . 

. . 

Fabris and 
Settimj . . 

0*925 

• 1 

-13 -- 

178-3 

130-3 

1*9 

30*9 

1-4671 

20 

25- 

26 

132-5 

Fachini and 
Dorta . . . 

0*926 


.. 

189-7 

195-5 

i3<>-5 

140*4 

0*4 

23- 

25 


i •• 



1 Paris . . 

0-950 


16*8 

179-8 

1 

96*0 


143*1 

•• 



•• 

^Dcir Acqua"^ 

0*923 



f 

140*2 


.17-8 

1-4677 

18- 

21 

25- 

28 

141 

* Klinger . . 

0*925 


1 * ' 

192 

130*9 

# 



18- 

20 

23- 

25 

133-5 

* Andr6 . . 

0*920- 

0-937 

1 

1 

i 

1 

j 171*0 
191*1 

94-3- 

135-0 

•• 

13 - 5-1 -- 

49-3 j 

f 



® Rabak f . . 

0-925 |-22tO 0-7 
■ '-24 

193-2 

135-8 


• * 1 



•• 


‘ J.S.CJ., 1912, 31, 80. a Analyst, 1915, 40, 54. ® Analyst, 1921, 46, 
138. * Analyst, 1921, 46, 288. Examination of eleven samples. ® Analyst, 
1921, 46, 500. U.S.A. oil from the concord grape. About iiio tons of 
the seeds are obtained annually. 

“ Unsaponifiable Matter, o'32. , , t Unsaponifiable Matter, i‘ 6 . 
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The oil of the wild grape seed (Vitis ripam) has been examined by 
Beal and Beebe {Analyst^ 1916, 41, 47). The crushed seeds yielded 19*4 
per cent, when extracted with petroleum ether, the oil so obtained having a 
peculiar acrid odour and taste like those of castor oil. The acid was found 
to consist of 95 per cent, of liquid acids and 5 per cent, of solid acids. The 
oil had the following characteristics: 


Specific gravity 15° ... 0-943 

Saponification value . . . 187-8 

Iodine value 76-5 

Acetyl value 61-3 

V® 1*4690 

Iodine value of liquid acids . 91-8 


Hazel-Nut Oil 

Hazel-nut oil is prepared from the seeds of the hazel-nut tree, Corylus 
avellana^ the fruit of the cultivated varieties of which are known in this 
country as filberts. The fresh oil which is contained in the seeds to the 
extent of some 50-60 per cent, has a pleasant characteristic odour and taste. 
The oil contains 10 to 15 per cent, of soli^ fatty acids, most of the remainder 
being oleic acid. The oil resembles almond oil to a certain extent and has 
been used to adulterate the latter and as a substitute for peach-kernel oil. 
(Bennett, C. and /)., 1908, 89, 981.) The oil has the following characters, 
the iodine value being appreciably lower than that of rimond oil : 


Specific gravity .... 0-917 

Sol. Point “18 

Sap. value I93“i97 

Iodine value 84-90 

1-4612 

Titre ®C, . • 19-20 


Colour reactions for the oil have been proposed by Schiidler and by 
Knorr, but Jungkunz (Anfilysf^ 1922, 47, 124) says that these are invalid. 

The oil of the seeds of C. rostrata Ait. v-Sr. Sieholdiana Maxim has been 
examined by S. Higuchi 1^16, 35, 2^62). It is knowm as Tsuno- 

hashibami nut oil. The kernels contain 46 per cent, of a colourless agreeable 
oil which is used by the natives as a superior edible oil. It has the following 
characters: S.G. 15° 0^920; acid value 0-5; sap. va^.ue 190*9; iodine value 
104-6 ; Rdchert value 3-2 ; M.Pt. of fatty acids 16°. 


• Inoy-Kernel Oil 

Inoy-kernel oil is obtained from the seeds of Poga oleosa which grows to 
a considerable extent in West Africa. The kernels variously known as 
Njore-Njore or M’poga contain about 60 per cent, of oil, which is pale 
yeljow in colour and which deposits a little solid matter on standing. The 
oil has been examined by various observers {Analyst ^ 1909, 34, 167; 1911, 
36, ai) with results as set out in the foliorving table : 



EDIBLE OILS AND FATS 


Table CIX.— Characteristics of Inoy-Kernel Oil 


Observer. 

S.G. 

15 -- 

Sap. 

Value. 

Iodine 

Value. 


Titre. 

°C. 

Acid 

Value. 

R.M. 

Unsap. 

per 

cent. 

Imperial Institute . 

0-896- 

184- 

89-7 


22- 

39- 

1*45 

.. 


0*918 

193 

909 


24-5 

45 



Edie .... 

0-909 

188 

93 





. 

Brieger and Kraese 

0-914 

193 

93-3 

i 


. . 



Grimme 

0-909 

177*5 

911 

1*4610 

24-5 

4-20 


0*35 


Koeme Oil 

Koeme oil is obtained from tKe kernels of the seeds of Telfairia pedata^ 
a plant which is abundant in East and South-East Africa, and the fruits of 
which are known as Ji conger nuts by the natives. The oil has a pleasant 
taste and odour when properly refined but the husks contain some bitter 
principle which is probably toxic, so that these must be removed before the 
oil can be used for edible purposes. No machine has yet been found which 
will separate the kernels so that its use on the large scale is problematical 
more especially as a large, regular supply is doubtful. Determinations so 
far made show that the kernels contain 59-63 per cent, of oil. 

TABLTi CX.— Characteristics of Koeme Oil 


Observer. 

S G. 

Sol 

Pt. 

Sap. 1 
Value. 1 

Iodine 

Value 


Acid 

Value. 

Unsap. 

Matter. 

Titre. 

°C. 

Thoms. . 

0-918 

7 

i 

• • 1 


I *4628 




^ Lewkowitsch . 



195-1 1 

100*7 

>-•4633 

0-56 

0-9 

38-8 

Bontoux . 


1 

>97 ! 

88*4^ 




. . 

“ Grimme 

0-919 

6 

186-5 ' 

84-2 

>•4595 ? 

2*44 

0*34 

41-8 

® Bolton & Jessori 



> 93-6 1 

1 

90-4 

I -4623 

0-31 7 o 




' Lewkowilsch, Oils, Fats lind Waxes, Vol. II, p. 333. ^ Analyst, 1911, 
36,21. “ 76/V/., 1915, 40, 3'. 

« 

The oil of the seeds of T, Occident ales has been examined by C. Grimme 
{Analyst, 1911, 36, 22). Tlie kernels contained 48 per cent, of a thick 
viscous oil with fairly good drying properties having the following charac- 
ters: S.G. 50°, 0-914 ; M.Pt. —1° ; 1*4690 ; acid value 61*5 ; saponifica- 

tion value 262-2; iodine value, 43*4 ; unsaponifiable matter o-3#S percent,; 
titre39-5°. 

Moroccan Olive Oil 
Argan Oil 

At one time the so-called “ Moroccan olive oil,*' which had a considerably 
higher iodine value than ordinary olive oil, was considered to be a variety of 
the latter. A number of true olive 'oils from olives grown in Morocco were, 
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however, examined by Sasserath, who found that the iodine values were 
quite normal. He then found that the oils previously known as Moroccan 
olive oil were derived from the fruits of Arganum sideroxylon which has 
the following characteristics (Analyst, 1911, 36, 107). A characteristic 
dark crimson colour is said to be developed on shaking the oil with nitric 
acid (S.G. 1-4). 

S.G. 15° .... 0*919 

Sap. value .... 192* i 

Iodine value ... 95*9 

R.M. value ... i*8 

Acid value .... o*i8 


Olive-Kernel Oil 

• 

Olive-kernel oil is prepared from the kernels of the fruit of the olive tree 
Oka europea. In some cases the kernels are crushed with the fruit, but in 
other cases the kernels arc removed and pressed separately — they contain 
upwards of 25 per cent, of oil. The oil resembles almond oil in its appear- 
ance and properties, but its iodine value is lower and it gives a distinct 
kernel oil reaction in the Bicber test. Klein has found the following range 
of figures of genuine oils : 


Specific gravity at 15*5"' o’qiS-o-qiq 

Saponification value * ^ 181-2-183*8 

Iodine value . . 87-0-87-8 

1-4618-1-4634 


Queensland Nut Oil 


Macadamia-nut oil obtained from the Macadamia or Queensland nut 
(Macadamia ternifolia) and it is stated by A. and F. R. Morrison {J.S.C.I,, 
1924, 43, 915B) to resemble closely the best olive oil. A yield of 44 per 
cent, is obtained by expression of the kernels, whilst extraction yields 73-76 
per cent. No deposit is obtained above 0°, whilst its solidification-point 
is -12°. G. A. Lathrop (J.O.F.L, 1925, 2, 44) considers that the oil may 
become of commercial importance as it would make a bland and delicious 
salad oil whilst the nuts themselves make a delicate table nut. The fatty 
acids consist of oleic acid with small quantities of palmitic and stearic acids. 
The following character# have been observed : 


Obscrvei. 


Lathrop* .... 
A. and F. R. Morrison 


S.G. 

' bap. 

' iodine 

US'"- 

Value. 

j ValiU'. 

0-914 1 

1937 

1 74*2 

I 0*912- 

195-6 

! 74 - 5 - 

0-915 


: 75 *«_; 




Acjtl I Unsap. 
Value, iper cent. 


1-4609 0-22 j 0-32 
1-4602 ; O'li I 0 * 1 - 
: 1 0*2 


Rice Oil 

Rice oil is obtained to a certain extent by expression of Rangoon rice 
meal (Oryza saliva) which contains about 15 per cent, of oil. The oil has 
a dirty greenish colour and frequently a high acid value on account of enzyme 


* Evers, in a private gojnmunication, gives 190. 
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action which has taken place in the seed before expression. According to 
Lewkowitsch, oil from fresh rice bran is practically neutral 

Tsujimoto {Analyst^ 1911, 36, 357) found that the fatty acids of the oil 
consisted of palmitic 20 per cent., oleic 45 per cent., isolinolic acid 25 per 
cent. The phytosterol had M.Pt. i36°-i37^ 

Davidson (J. 5 .C./., 1914, 33, 651) foimd that on keeping a solid fat, 
M.Pt. 46°, separated from rice oil. The characters of the residual liquid oil 
(water 0*32 per cent.) and of the solid fat (water 0*43 per cent.) were as follows : 



i 

1 Sp. Gr. 

1 at 15". 

Butyro- 
refrac. 
Road nig. 

Acid 

Value. 

Sap. 

Value. 

Iodine 

Value. 

Saponifiable 

Matter. 

Oil . . 
Fat . .j 

0-918 

0-924 

67-8(25°) 

447 (so”) 

98-56 

124*30 

198-44 

197-21 

108-5 

74-11 

0/ 

‘ 99-47 

99-43 


The following characteristics have been observed : 


Table CXL— Characteristics of Rice Oil 


Observer. 

S.Ci. 

Acid 

Value. 

M.rt. 

w 

Sap. 

Value. 

Iodine 1 Titre. 

Value. 1 • ^C. 

1 

M.rt. 

Acids. 

X. 

I.V. 

Acids. 

Unsap. 

per 

cent. 

^ Smetham 

•• 

86 - 

154 

29 

* 

192*0- 

195-8 

96-4- .. ; ; .. 

99-9 ! 1 

•• 

’’ 

* Browne . 




193*5 

1 

91-7 1 1 .. 



Fabris and 
Settimj 

0-923 



! 

j 

106*5 1*4658 28- 

1 i 29 

31- 

32 

109 

•• 

Tsujimoto 

0-927 

34-8 

1 

1 

i 

184*9 j 107*6 1 1 ’4669! •• 

30*5 

109-s 

4-8 

® Garclli . 

1 

0*918 

^ 90 , 
‘13-81 

25-26 

186 

179-4 

99*7 ^ .. ; : .. 


3-2 

0-7 


'^Analyst, 1893, 18, 191. ^ J,S,G,L, 1903/22, 1137. ^Analyst, 
1918,43,141. ^ Extracted with petroleum spirit. Expressed oil. 


Sake oil consists chiefly of rice oil and is found floating on the surface 
after the fermentation of sak6, a Japanese fermented drink prepared from 
rice. The oil, which is an orange-yellow liquid with p odour of sak^ has 
been examined by Tsujimoto (J,S.C.L, 1915, 34, 1259) with the fDllowing 
results : 

Specific gravity 15^/4° . 0*903 

Solidification point . . Turbid at 0° * 

Acid value . . . . 22*6 

Saponification value . . 179*1 

Iodine value . . . . 10 1 *6 

V' 1*4587 

For information on the composition of rice, see 1917, 36, 159; 

1918, 37, 601A ; Analyst, 1920, 45, 4^^i. 
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Pistachio Oil 

« 

This oil is obtained from the seeds of Pistacia lentiscusy L., a small tree 
ridigenous to the Mediterranean and grown particularly in Cyprus. The 
esinous exudation of this tree is the mastic of commerce. The oil is used 
0 a certain extent in the manufactjire of confectionery as a flavouring agent — 
he extracted oil being preferable for this purpose on account of the greater 
mount of aromatic substances obtained in this way. The expressed oil, 
fter prolonged boiling with water, is used as an edible oil in Sardinia, The 
lon-volatile acids are stated by Sernagiotto and Vita (J.S.CJ.y I9i5> 34» 
o6i) to consist entirely of palmitic and oleic acids. The following charac- 
eristics have been observed in the fixed oil after removal of the volatile 
natter ; 


Table CXII. — Characteristics of Pistachio Oil 


Observer. 

S.(i. 

15 °. 

Sap. 

VaL 

1 

Iodine 

\^aL 


Title 

°C. 

Acid 

VaL 

Sol. 
Pt. °C 

De Negri, Fabris & Setting. 

0-919 

191-5 

86-8- 

92-5 

1-4617 

13 


~9 

Jernagiotto and Vita 

0-919 

i 65,-6 

83-6 

1-4603 

• * 

1S-9 

- • 


Sejen-Nut Oil 

This oil which is obtained from the nuts of the " sejcn " or “ unamo ** 
)alm {Jessenia polycorpQy Karst) has been described by Bacharach (Analysty 
918, 43, 289), who states that it has a reputation in the plains of San Martin 
)oth for chest and lung comi)Iaints and for culinary purposes. 

The oil is a pale yellow liquid having (in the samples examined) a slight 
luorescence and a not unpleasant smell. Some “ stearine ” is deposited 
n cold weather. The oil behaves in the elaidin test in a similar manner to 
Jive oil. The oil is miscible in all proportions with the usual fat solvents 
>ut not with alcohol or glacial acetic acid. Bacharach obtained the follow- 
ng figures on the examination of three samples : 


Table CXIII. — Examination of Sejen-Nut Oil (Bacharach) 



I. 

11. 

111. 

Specific gravity i5''/4° 



0-9161 

lefractivt index 

I *4682 

1-4682 

I -4682 

iaponification value 

190-5 

189-5 

188-S 

icid value 

4-0 

1 3-8 

3-8 

odine value (Wijs) 

73-5 

74-8 

74-1 

iehner value 

1 

1 

93-8 

dolecular weight of insoluble fatty acid? . 

, . 

. , 

273 

odine value (Wijs) of free fatty acids . 



79-5 
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Tea-Seed Oil 

# 

Chinese tea-seed oil is expressed from the seeds of a tea plant {Thea 
asanqua^ Nois) which is specially cultivated as an oil-bearing plant in 
China and adjacent countries. The commercial tea-seed oil may be obtained 
from Chinese Assam or Japan and may |^e from many varieties of Thea, 
The oil is used locally as an edible oil (Lewkowitsch considers that the pro- 
portion of saponin present may render the expressed oil somewhat unsafe 
for consumption ; the extracted oil contains no saponin) and has been used 
to a considerable extent as an adulterant of olive oil. Oils from various- 
sources have been examined by different observers, and their results are 
given in the following table. Commercial tea-seed oils may consist of any 
of these oils or of mixtures of two or more. Bieber’s reagent is said to give 
a bright bluish-green colouration; the oil from Thea paponiea is^known as 
Tsubaki oil and that from Thea sasanqua as Sasanqua oil. 


Table CXIV.— Characteristics of Tea-Seed Oil 


Authority. 

Source. 

S.G. 

15'^C. 

Sap. 

Value. 

Iodine 

Value. 

I.K. 

Acid 

Value 

R,M. 

Sol. 

n. 

X. 

M.Pt.of 

Fatty 

Acid. 

“C. 

Tsujimoto * . . 

T. sinensis 

o*qi8 

• 

191-9 

90-4 

i- 4 <i 34 

0*74 

0*7 

-10 

33 -S 

Menon . . . 

jj 

0 

0 

0 

u> 

189-9 

92-7 



0*6 

. . 

38-9 

Uchidat . . . 

T. chinensis 

0-913] 

193-8 

86-2 

1*4624 

4*12 

0*1 


25-5 § 

Bull Imp, Inst. . 

T. sasanqua 

0*918 

193-4 

87-5 


9*4 




Tsujimoto . . 

T. sasanqua 

0*916 

193-4 

81-7 

1*4619 

6*8 

1*2 

“9 

28 



0919 

1 193-9 

82-3 

. . 

. . 

• • i 


• • 

Cofman-Nicoresti 

Commercial 

0*197- 

! 179-5- 

80-1- 

• . 






oils ! 

0*920 

! 189-4 i 

92-7 






Tsujimoto II . . 

T. japonica 

o-qi6 

190*6’!! 

80-3 

I *4609 


1 • • 1 





0*917 

192*6 1 

81-3 

1*4618 


.. 10-5 

22 

Higuchi . . . 

T. sasanqua 

0*915 

193*3 

81-4 

. . 

77 

0-35 


22 

Higuchi . . . 

T. japonica 

0*916 

196*1 ! 

8o-(5 


4*6 1 

0-4 



Nakatogawa and 


i 




1 

i 




Kobayashi . . 

T. japonica 

0*915 

190*3 

77-3 

1-4613 

1-8 





1 

1 

0*916 

192*6 

81 I 

i- 4/)23 

7-6 


• • 

• • 


Various colour reactions have been suggested for the detection of tea- 
seed oil in other oils but their utility is doubtful and great care should be 
taken before an olive oil is pronounced as adulterated with tea-seed oil. 

Cofman-Nicoresti (C. and D.) states that the oil givts no colour with the 
Halphen or Baudouin reactions. He proposes a test for the oil which is 
as follows: Shake 10 c.c. of the oil with 10 c.c. of a mixture of equal weights 
of cone, nitric acid, cone, sulphuric acid and water and heat for 20 minutes 
in boiling water. With not less than 20 per cent, of tea-seed oil the oily 
layer becomes pink. It is suggested that an adulteration with 10 per cent, 
may be detected by adding a further 10 per cent, when a faint colour will 
be produced with the 20 per cent, of tea-seed oil then present. 

♦ Analyst, lyoS, 33, j J.S.CJ., 1916, 35, 1093. 

X At 30°. Soluble point Titrc tcbt. 

li J.S.CJ., 1908, 27, Commerciajqilsgave saponification values 181-190*6. 
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Dybowsky and Millia {Analyst, 1921, 46, 458) state that “ The presence 
of 10 to 20 per cent, of tea-seeJoil in olive oil may be detected by shaking 
20 grms. of the oil for one minute with 6 drops of sulphuric acid ; the mixture 
is then treated with 9 drops of nitric acid, shaken for one minute, heated 
at 100® for five minutes, and finally cooled to 10°. After two hours at the 
latter temperature the mixture lemains liquid if 20 per cent, of tea-seed oil 
is present; if the original oil contained 10 per cent, of tea-seed oil the mixture 
solidifies, but the mass is not as hard as that obtained with pure olive oil. 
A characteristic reaction, which will detect as little as 5 per cent, of tea-seed 
oil, consists in shaking 4 c.c. of the oil for thirty seconds with a mixture of 
5 c.c. of pure sulphuric acid, 3 c.c. of nitric acid, and 3 c.c. of water; the 
whole mixture is kept at 5“ for five minutes and observed after a further 
fifteen minutes. Pure olive oil gives a straw colouration and remains clear, 
pure tea»seed oil becomes turbid and sooty-black, whilst olive oil containing 
5 per cent, of tea-seed oil gives a dark straw-coloured, turbid mixture. 
These colourations are observed in the oily layer; the acid layer is colourless 
in all cases.” 

Mitchell {loc. cit) however, considers that the tea-seed oil giving these 
reactions had probably not been refined, and Sutcliffe is of opinion that the 
oil can generally be refined so as to give no colour with any of the tests that 
have been suggested, an opinion with which the author is in entire agreement. 
Tea-seed oil cannot be used without deodorising so that an olive oil tasting 
of deodorised oil may be suspected oficontaining tea-seed oil. 
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ALMOND OIL AND SIMIL^AR KERNEL OILS 
Almond Oil 

Source.— -Almond oil is obtained principally from the bitter almond {Prunus 
amygdalus^ var. amara) although sweet almonds {Prunus amygdalus^ var. 
dulcis) are occasionally used and also, rather more frequently, a mixture of 
the two. The almond is cultivated in Southern Europe, Northefn Africa, 
Syria and Persia. The bitter almond usually contains about 45-55 per cent, 
of oil, of which about 38-45 per cent, is yielded under normal conditions. 
Sweet almonds on the average contain more oil than bitter almonds, with 
a consequent greater yield on pressure. Rosenthaler {J.S.C.I., 1923, 42, 
233 A) finds the oil content of sweet almonds from 55 •3-60*5 per cent., the 
larger seeds containing the least oil, whilst the bitter almond contained from 
35*5-62*5 per cent. (73 per cent, of the samples varied between 45 and 55 
per cent.) with practically no relationship between percentage of oil and size 
of seed. According to Lewkowitsch the amount of oil in bitter almonds 
may fall as low as 20 per cent. 

Bitter almonds contain a glucoside amygdalin and an enzyme emulsin.* 
Under suitable conditions the glucoside will decompose under the influence 
of the emulsin with ihe production of glucose, hydrocyanic acid and 
benzaldehyde. The press cake is therefore allowed to stand with warm 
water and the product steam distilled with production of essential oil of 
almonds. Bitter almonds yield about 0*5 -o*8 per cent, of essential oil 
which contains as a rule from 4 to 7 per cent, of hydrocyanic acid. No 
amygdalin is contained in sweet almonds. 

Composition , — The fatty acids consist very largely of oleic acid, but some 
linolic acid is also present as shown by the iodine value; Farnsteiner isolated 
5*8 per cent. Stearic acid has been considered* absent by Gusserow and by 
Hehncr and Mitchell (cf. Ross and Race, Analyst, 1911, 36, 263). Contrary 
to earlier statements to the contrary almond oil does not readily turn rancid 
on keeping, this may be due to the comparative’ absence of highly unsaturated 
fatty acids. Jensen has found oils with acid value as high as 15*4 which 
showed no indication of rancidity. * There is apparently practically no differ- 
ence between the oils from biller and from sweet almonds. 

Properties and Special Tests . — Almost colourless to pale yellow with a 
pleasant taste, described by the B.P. as bland and nutty. The special tests 
and properties of almond oil depend on the fact that this oil is practically 
free from solid glycerides and that, as has been shown above, it consists 
very largely of oleic glyceride. For this reason it should not become turbid 
on standing for three hours at —10® as required by the B.P., and further, it 
should not solidify above about —18°. The mixed fatty acids should dis- 
solve to a clear liquid in an equal volume of alcohol at 15° and the addition 
of a further similar volume of alcohol should produce no precipitate. 

Examination for Adulteration . — Almond oil is not often adulterated in 
late years by the addition of large quantities of the common vegetable oils 
on account of the comparative ease with which these can be detected by ‘ 

Cf, Tonegutti 1911, 30, 221). 
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Harvey, i '4629-1 *4637. 
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means of the ordinary analytical figures and by the special tests mentioned 
above. The most likely adulterant is apricot-kernel oil (q.v.) or one of the 
other kernel oils which are closely allied with this. Adulteration with these 
oils is practised to a considerable extent, in fact, complete substitution not 
infrequently takes place. These kernel oils are often sold as “ almond oil, 
Persic ” or “oil of sweet almonds, French.” This substitution is not 
looked upon as serious by some, but the expensive nature of almond oil 
renders the exchange a profitable one and it should undoubtedly be looked 
upon as serious adulteration. 

Where adulteration with these kernel oils takes place it is usually with a 
large proportion, which is a fortunate occurrence as the detection of small 
proportions is practically an impossibility. Large admixtures or complete 
substitution may be detected by the colour tests given under apricot-kernel 
oil or by the increase in the iodine value. Idie matter, however, is one of 
some difficulty and care and experience arc necessary in drawing conclusions, 
as some almond oils give very faint positive indications with the colour tests. 
Beech-nut oil, page 197, has been suggested as a possible adulterant. 

The important tests arc the solidifying-point of the oil, as already men- 
tioned above, and the iodine value. The iodine value is very rarely more 
than 100 and certainly any figure above this iniKst be looked upon with grave 
suspicion, especially if a positive result is obtained with one of the colour 
tests for kernel oils. An oil with an iodine value of 102 or over must be 
considered to be definitely adulterate^. In such cases the various results 
must be carefully compared both among themselves and with those of oils 
of known purity. 

The acid value should not be more than 5*0 and is usually much less than 
this although samples vVith an acidity as high as 9*2 per cent, of oleic acid 
have been found by Umney to be free from objectionable odour and taste 
even after standing for a further six months. Some oils (one with high 
acidity) were found by Jensen (Evans, Sons, Lescher and Webb, Analvtical 
NoteSy 1913, 8, 6) to give a turbidity with Bellier s qualitative test as modified 
by Evers (page 260), 1 'he oils were, however, considered to be pure. The 
Reichert value is given by Ross and Race as 2-6 wntli a Polenskc value of o*6 
but this figure would appear to be much too high. 'J'he Reichert value is 
usually 0-0-0-3 and the Polenskc 0*2- o-6, the latter sometimes rising as high 
as i-o* (Cf. Y.B.P.y 1913, 573; Jhuilysiy 1924, 49, 180.) 

References. — Lewkowitsch, /Inn/yA'/, 190:^. 29, 105. Harvey, J.S.C./., 
1905, 24, 717. Thomson and Dunlop, Analyst^ 1906, 31, 282. Ross 
and Race, ihid.y 1911, 36, 263.* Umney, J.iS.C.L, 1914, 33, 556. Cf. 
The Kernel Oils oj the Cherry, Apricot^ Plum and Peach. 

Apricot-Kernel 

Source . — Apricot kernel oil is obtained from the kernels of Primus 
armcniaca L. The commercial “ Almond oil, French ” or “ Almond oil, 
Persic ” consists either of pure apricot-kcrncl oil or a mixture of #his oil 
with peach-kernel oil or of peach-kernel oil alone. The apricot kernels arc 
frequently mixed with peach kernels before the oil is expressed. Apricot 
kernels contain some 40-45 per cent, of oil. I'he commercial oil is obtained 
from sweet kernels; a somewffiat inferior oil in taste is sometimes prepared 
from imported Japanese bitter kernels. 

Composition . — The exact character of the fatty acids contained in the oil 
does not appear to have been determine^, ^but from a comparison of its pro- 
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perties with those of almond oil it would appear that the oil is very similar 
in composition. The oil is pale ytllow in colour and in appearance and taste 
closely resembles almond oil, but most observers have agreed that the iodine 
value is higher. Umney found that 34 samples gave a range of acidity of 
from 0*6 per cent, to 5-97 per cent, expressed as oleic acid and he states that 
the oil w’ith high acidity was very unsiatisfactory as regards odour and taste 
after keeping for a year in contraaistinction to almond oil (q.v.). 

Table CXVI. — Analytical Characters of Apricot-Kernel Oil 


Authority. 

, S.G. 

, 15715^ 

jKcl.Illd<‘> 

j 

:] Iodine 
j Value. 

Snp. 

Value. 


• 

Lcwkowitsch .... 

.0-917- 

1 

1 

1 i- 4 (' 39 - 

107-4 

190-3- 



, 0*920 

1 I •4646 

io8*7 

198-2 


Ross and Race 

. 0-920 

1-4639- 

j 100- 

184- 




1-4649 

i 106 

192-4 


C. A. Hill .... 



iioo- 110 


Sou f hall's Annual Reports 

. 1 0-916- 

j 1-4609- 

! 100*3- 

190-1- 



0 

6 

1 1-4629 ^ 

1 

1 105-3 

191-7 


Ueno 

. i 0-919 

1 » 

, 1*4650 

105*4 

1 88 -6 ! 

Mongolian 





1 

( 

kernels 


1 0-910 

1 I -4586 

90-4 

182-3 i 

Chinese 



1 

4 


kernels 

R.M.-0-7 


Properties and special 'I’lic properties of apricot-kernel oil arc 

very similar to the other kernel oils which are all closely allied to almond oil. 
The solidification -point of the oil is at least as low as that for almond oil, 
whilst the solidification-point of the fatty acids and their melting-point 
are even lower. The Reichert and Polenske values are similar to almond oil 
(q.v.). These properties will «erve to distinguish the oil from vegetable oils 
in general whilst the somewhat higher iodine value will distinguish the oil 
from almond oil taken in conjunction with the colour tests now to be 
described. f 

BicbePs Test. — Prepare the reagent by mixing together equal weights of 
water, sulphuric acid and fuming nitric acicl. Mix thoroughly i c.c. of this 
reagent with 5 c.c. of the oil and tFfcn allow to stand for a few moments at 
ordinary temperatures. reagent should be prepared freshly for each 

test. Almond oil gives no change in colour, apricot-kernel oil gives a pink 
colour as also do peaoli kernel and plum kernel, although to a lesser extent. 
The conclusions arrived at must be accepted with a Certain amount of reser\^a- 
tion, and considerable experience is necessary before anything like certain 
conclusioiis can be drawn. The test is practically useless as a colorimetric 
one for quantitative purposes on account of the different depths of colour 
produced by oils from different sources. Ross and Race found that the 
reaction was still given strongly by oils that had been steamed for some hours 
and even after keeping for a year and bubbling air through the warm oil 
for three days. Lew 4 owitsch found that the reaction was given more 

* These figures are for mixed apricot and peacli-keriiel oils. They aic given as 
I *4700-1 -4721 at 15*5°, but they seem abiigrnuilly low. 
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strongly by a freshly-prepared oil than bv an older one; this observer also 
found that 25 per cent, of apricot-kernel oil in almond oil could not be 
detected with certainty. 

The Kreis Phloroglucinol Test ^ — This test proposed by Kreis and modified 
by Chwolles and liwkowitsch consists in shying the oil with an equal 
quantity of a mixture of equal volumes of^ne-tenth per cent, phloroglucinol 
in ether and nitric acid S.G. 1*45. Kernel oils give a deep red colouration, 
whilst some almond oils do not. The fact, however, that some almond 
oils of undoubted purity give a more or less marked reaction make this test 
more uncertain than that of Bieber. 

Nitric Acid Test , — Nitric acid of S.G. 1*4 on shaking with apricot- 
kernel oil or other kernel oil assumes a much deeper tint than it does with 
almond oil where the mixture becomes at most pale yellow. 

Nickle's Reaction , — This test, which is recommended by DeJ^egri and 
Fabris, consists in shaking the oil with calcium hydroxide. Apricot-kernel 
oil gives a permanent emulsion, whilst most vegetable oils such as almond, 
olive, etc. remain clear. 

Examination for Adulteration. — Apricot-kernel oil, although used as a 
substitute or an adulterant for almond oil, is itself liable to sophistication. 
Various seed oils may be used for this purpose, but the practice is not nearly 
as common as it used to be. The solidifying-point and the iodine value are 
the two important tests. The remarks under the adulteration of peach-kernel 
oil should be read in this connectic\i. 

References. — Lcwkowitsch, Analyst^ 1904, 29, 105. Ross and Race, 
ibid., 1911, 36. 263. Umney, J.S.C.I., 1914, 33, 556. Cf. Evans* 
Annual Reports^'ior several years between 1907 and 1914. Ueno, 
y.S.C.J., 1918, 37, 707A. 


Cherry-Kernel Oil 

Cherry-kernel oil is obtained from the kernels of the cherry {Prunus 
cerasus, L.) large quantities of which are available from the manufacture 
of cherry liqueurs in South Germany where the cold-drawn oil is used for 
edible purposes. The kernels contain from' 35-39 per cent, of oil which 
when obtained by extraction contains some hydrocyanic acid. Maxwell 
{J.S.C.I., 1918, 37, 214A) states that the extracted meal contains amygdalin. 

With nitric acid (S.G. 1-4) the oil assumes a ds?rk-reddish-brown colour, 
whilst with Bieber *s reagent a brown colouration is obtained, Lcwkowitsch 
states that the oil is not used as an adidterant of almond oil on account of 
the ease with which it becomes rancid, but it does not seem likely that all 
unscrupulous vendors will be unduly worried with what happens to an oil 
when once it is sold. In any case, the iodine value will distinguish it fairly 
sharply from almond oil. 

Kernel oils in general are prepared in some such way as the following 
[Alpers, J.S.C.I., 1916, 35, 931): “The cracked stones of fruits such as 
:herries, plums, apricots, etc., are treated with a solution of ohloride of 
:alcium or magnesium of about 1-15 sp. gr. The shells sink to the bottom, 
md the kernels are skimmed off the surface of the liquid, washed, dried, 
md the oil expressed. Only traces of hydrocyanic acid can be formed by 
:yanogenetic enzymes, since amygdalin is only sparingly soluble in such 
jalt solutions; but to prevent risk it is advisable to renew the solution 
requently. Oil thus prepared from plum-stone kernels had the taste arid 
)dour of bitter almonds, but it was rendered nearly odourless by exposure 
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to a current of steam. The same ^effect was also obtained by heating the oil 
to 160°, or by exposing it to the air for fourteen da3rs. The distillate from 
the treatment of 100 grms. of oil with steam contained 4 mg. of hydro- 
cyanic acid.” 

The following constants have been determined by various observers. 
They mostly refer to extracted oiI§, 


Table CXVII. — Constants of Cherry-Kernel Oil 


Observer. 

S.G, 

15°. 

1 Sol. j Sap. ! lodme Titre. 

Pt. 1 Value. ' V^alue. ; °C. 

1 i 1 

M.Pt, 

P'atty 

Acids. 

«*• 

De Negri ^nd Fabris . 

OQ 24 

— 20 1 105 110-813-1^ 

1 

19-21 


Micko 

0929 

.. 1 193*4 114*3 •• 

16-21 

. . 

Tortelli and Ruggeri 


. . 1 . . 1 113-2 1 , . 



Maxwell 

0922- 

-20 ! 202-5 

. . 

. . 


0-925 

1 ' 1 


1 

Alpers 

0922- 

. . 1 192*1 111-6 . . 

. . 

1-4697- 


0-925 

. . 1 197*8 122-6 ' . . 


1-4713 


Peach-Kernel Oil 

Peach-kernel oil is obtained from the kernels of ifie peach {Prunus 
persica). Commercial peach-kernel oil is frequcntlr apricot-kernel oil 
(q.v.) or may be a mixture of the two oils. These two oils are very similar, 
the chief difference being that peach-kernel oil gives a much less strongly- 
marked reaction in the Bieber test than does apricot kernel — in other ways 
it behaves exactly as this latter, the article on which should be read in con- 
nection with peach-kernel oil. Peach -kernel oil has been adulterated with 
poppy-seed oil and has been substituted (Bennett, C. and Z)., 1908, 89, 
981) by hazel-nut oil (q.v.). The observed constants of the oil are very 
similar to those of apricot- kernel oil, in fact, there is some confusion between 
them. The following may be*taken as usual figures : 

S.G. at 15° . . o-9i8~o-92i 

Sol. Pt. . • Below —15 

Saponif. vafue . 189-192-5 

Iodine value . . 100-1 10 (usually 105 or more) 

. -‘•4639-1-4650 

Titre test 13 

^lum-Kernel Oil 

nuiii-tveuiei on is ooiained from the kernels of plums {Ptunus domesUca^ 
L. and Prunus damasccona, L.). The oil is similar to almond oil and the 
other kernel oils in appearance. It responds to the Bieber test to a consider- 
able extent giving a well-marked pink colouration and an orange colour 
with nitric acid (S.G. 1-4). The oil is prepared from the kernels as 
described under cherry-kernel oil on page 254. I'he oil has been examined 
by several observers and particularly in more recent years by Kassner and 
Eckelmann {J,S.C.Lj 1915, 34, 668), Fordyce and Torrance {Analysis 
1919, 44, 238), Utz 1919, 38, 5C5A), and Alpers (J.S.C.L, 1919, 

38, 72gA)f with results as set out in following table : 
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Table CXVIII.-Charactewstics of Plum-Kernel Oil 


Observer, 

S.G. 

15“. 

So 1 .pl 

“C. 

Sap. 

Value. 

Iodine 

Value. 

. 


litre. 

“C. 

Acid 

Val. 

De Negri and Fabris 
and Settimj . . 

■ 

0-919 

-5 to 

r 

189-1- 

91-2- 


12-15 


Micko . . . . 

10-916 

i 

1 

“10 

191-6 

100-4 

100-2 


■ I 

i • 

Tortelliand Ruggeri . 


93‘3 

1-4624 


• 1 

Kassner&Eckelmann* 

1 0-916 


188-1 

104 

, . 

, . 

1.44 

Utz and Alpers . . 

i o'gig- 


188- 

103-6- 

1-4637 

. . 


0-921 

1 

i 

198-5 

uri 

1-4647 


• • 


' Oil from prune kernels, The kernels contained i ’82 per cent, of aniygdalin. 
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ARACHIS OIL 

Source. — Arachis oil is obtained from the kernels of the nuts of Arachts 
hypogaa which is apparently a cultivated variety of the plant originally a 
native of Brazil. The plant is a creeping herb, the flowers forming in the 
axes of the leaves. The fruit buds grow down into the earth where the fruit 
is ripened forming the nuts of commerce. The nuts are variously known as 
arachis-nuts, pea-nuts, earth-nuts, ground-nuts and monkey-nuts. It is 
cultivated in various parts of the world, fhc principal districts being Japan, 
India and further India, West Africa, South America, parts of U.S.A., the 
West Indies and China. The oil is largely expressed in the South of France. 
A large proportion of the nuts are decorticated before shipment and the oil 
obtained from this source is inferior, on account of the fact that the nuts 
undergo “ heating ” during the voyage, and cannot be used as a fine edible 
oil although the less inferior oils may sometimes be used as a s^nd-grade 
edible oil. t 

The nuts contain about 35 per cent, of oil, the kernels aj^t 50 per cent., 
the yield on the large scale is about 28 per cent, on the n^s or 45 per cent, 
on the kernel, but those from some districts yield less tha^ this, c.g., the nuts 
from La Plata only yield about 28 per cent, of oil; on the other hand some 
samples have yielded over 50 per cent. ( j^. 5 .C./., 1919, 38, 871A). The oil 
is usually pressed in two or three stages, that with tlie finest flavour being 
produced by the first pressing in the cold (yield about 18 per cent.). The 
second pressing is carried out at about 30, the oil thus produced being used 
as a second-grade edible oil or as a burning oil, whilst the third pressing at 
about 50^-60° produces a somewhat thicker and more turbid oil, which is 
used for soap-making or as a lubricant. Before pressing the nuts are decorti- 
cated and the red brown skin which covers the kernel is removed as far as 
possible by means of a violent current of air. The low^er qualities of the oil 
are refined with soda and amrn^jnia (Bouchard, 1914, 33, 428). 

From the ammonia treatmcfit a paste-like deposit is produced which is treated 
with mineral acid to give “ Arachis oil No. 2,^* which is used for soap-making. 
An account of the losses taking plac^ during refining is given by Thurman 
{J.S.C.L, 1923, 42, s6iA) and by Holde (J.S.CJ.y 1923, 42, 896A), who 
state that the average loss is *1-57 per cent., one-third of wdiich is in the 
bleaching; this figure is^supported by Schadler {Tec^mologie derFette, i, 518), 
w^ho gives a *5. The oil is finally usually filtered charcoal or fuller^s 
earth. 

Composition. — Arachis oil does not readily yield a stearinc, but if it is 
allowed to Aand for a long time in the cold a more or less solid body can be 
produced, known on the Continent as “ margarine d’arachide,” which melts 
at just over 20® and has an iodine value below 80. The characteristic acids 
of arachis oil are arachidic and lignoceric acids on the presence of which 
the tests for distinguishing the oil depend. The presence of palmitic acid 
was reported by Caldwell but denied by Kreiling, recent work, however, 
has shown that it is present. The “ stearic acid ” found by Hchner and 
Mitchell [Analyst^ 1896, 21, 328) hjs,been shown by Meyer and Beer 
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{Analyst^ 1913, 38* 514) to be a mixture of arachidic and li^oceric acids, 
but nevertheless this acid is apparently present. A certain amount of 
controversy has ranged round the supposed presence of hypogaeic acid in 
the oil, many of the earlier investigators having reported the finding thereof. 
The later investigators mentioned below and that of Meyer and Beer {vide 
supra) seem to prove definitely that this acid is not present. The composi- 
tion of the oil has been dealt with at length oy Heiduschka and Felser {J,S.CJ,y 

1920, 39, 272A), who find that the mixed fatty acids contain arachidic acid 
2*3 per cent.; lignoceric acid, 1-9 per cent.; stearic acid, 4*5 per cent,; 
psJmitic acid, 4*0 per cent.; oleic acid, 79*9 per cent.; and linolic acid, 7*4 
per cent. Hypogivic and behenic acid they found to be absent. The com- 
position has also been studied by Jamieson, Baughman and Brauns {Analyst^ 

1921, 46, 457), who agree entirely with Heiduschka and Felser in regard to 
the qualitative composition, but show considerable variation in the amounts 
of the individual acids present. They found that Virginian and Spanish 
nuts gave slightly varying results, the average composition being oleic acid, 
56-7; linolic acid, 23-1; palmitic acid, 7 3; stearic acid, 5-5; arachidic 
acid, 3-6; lignoceric acid, 2-9. Heiduschka and Felser reply 

1922, 41, 674 A), but further discussion of the problem would not appear 
to be valuable until the technique of the separation of fatty acids has been 
placed on a more sure basis. Myddleton and Barry {Fats: Natural and 
Synthetic 1924, page 107) found in a sample of arachis oil: palmitic 
acid, 8-5; 'st.;;ric acid, 6*o; araclVdic acid, 4-9; lignoceric acid, 3*0; oleic 
acid, 51*6; lirK^hc, 26*0; which results agree fairly well with those of 
Jamieson, Baughd^an and Brauns as against those of Heiduschka and Felser. 
The qualitative coiv position seems to be definitely settled but the quantita- 
tive composition (which will doubtless vaty^ with different varieties of oil) is 
still somewhat uncertain. 

The composition of the proteins has been investigated by Johns and 
Jones {J,S,C.Ly 1917, 36, 158, 732), who conclude that the cake would be 
very suitable to supplement cakes deficient in basic amino acids. The 
cakes “ keep as well as ordinary cake {Analyst, 1918, 43, 63). 

Hydrogenated Arachis Oil . — Myddleton and Barry {loc. cit.) give the 
composition of the fatty acids of a hardened arachis oil of iodine value 25*9 
(iodine value of original oil, 89-9) as palmitic 8-5; stearic, 32-6; arachidic. 
4*9; lignoceric, 3*0; oleic, 23*0; linolic, o-o; new acids of hydro- 
genation, 28-0. 

Properties and Special Tests . — The colour of arachis oil varies from pale 
yellow to light brown. The bast qualities have a bland nutty flavour which 
is quite pleasant and which makes th^m a satisfactory edible oil. The oil 
is used as a salad oil and for packing tinned fish, for which purposes it served 
excellently as a substitute for olive oil but, df course, there should be no 
implication either directly or indirectly that the more valuable oil has been 
used. The oil has excellent keeping properties and does not easily become 
rancid. The Livache test gives an absorption of about 2*5 compared with 
about 15 for linseed oil. There are no special colour tests for tliis oil, its 
detecting and determination in mixtures depending upon the •isolation of 
“ arachidic acid.^* The “ arachidic acid ” so produced is in reality a mixture 
of arachidic and lignoceric acids, but the shorter term will be used here for 
convenience. The determination of arachidic acid is dealt with fully in the 
next paragraph, but it is not usually necessary to do this on every occasion 
when testing olive oil or other oils for arachis oil. A qualitative test has been 
devised by Bellier and modified by Mansfeld, Adler and Franny and Evers 
which gives excellent results. Thisjtest has been adversely criticised by 
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Lewkowitsch and some oils, such as “^residuum olive oils,’* do certainly 
give slight positive reactions although free from arachis oil. This only 
means, however, that a positive result must always be confirmed by means 
of a quantitative determination (which would presumably always be done 
whether the test were absolutely specific or not) and does not interfere with 
the deduction that an oil not giving the mialitative reaction certainly contains 
less than 5 per cent, of arachis oil. The qualitative test as finally modified 
by Evers may be carried out as follows: One c.c. of the oil is saponified 
with 5 c.c, of alcoholic potash (85 grms. potash dissolved in 80 c.c. of water 
and diluted to one litre with industrial methylated spirits), 1*5 c.c. of acetic 
acid of such a strength as to exactly neutralise the alcohol potash is added 
(about I volume of glacial acetic acid to 2 volumes of water), and the tube 
cooled in water below 20° for not less than 30 mins. The liquid is then 
diluted with 50 c.c. of 70 per cent, (by volume, S.G. 0*8899) alcobel contain- 
ing I per cent, (by volume) of hydrochloric acid, and placed in water at 17*^ 
to 19° for an hour. When the oil Contains more than 10 per cent, of arachis 
oil a precipitate is formed, while pure olive oils give a clear solution (cf. 
olive oil, p. 272). 

The Determinuiion of Arachidic Acid . — The original method for this 
determination was worked out by Renard {Compt. Rend.y 1871, 73, 1330) 
and depends upon separating the solid acids by means of the lead- 
salt-ether ^method and crystaU'sing the arachidic acid from these by 
means of 9c v;^er cent, alcohol. \)e Negri and Fabris, Allen and Bellier 
reported on thv process more or less favourably but it was not by 
any means ])erfccl and it was subjected to a searching, critical examina- 
tion by Tortelli a\d Rtiggeri ( 7 .iS\C./., T898, 17, 877). These authors 
greatly improved the method and their work was confirmed and extended 
by Archbutt {J.S.C.L, 1898, 17, 1124), whose method is the one chosen 
for full description here, although Tortelli and Ruggeri maintain that their 
modification is less cumbersome and leads to more correct results than that 
of Archbutt. 

Archbutt recommends the following modification of Renard *s process: 
Dissolve the fatty acids obtained from 10 grms. of oil (by decomposing the 
saponified mass with hydrochloric acid under ether and evaporating off the 
solvent) in 50 c.c. of 90 per cent, alcohol; a*dd to the solution, which must 
not be allowed to cool below 38° (to prevent separation of crystals), 5 c.c. of 
a 20 per cent, aqueous solution of lead acetate, cool to about agitate, 
allow to stand for half an hour, filter and wash onue with ether. Return the 
soaps into the flask w^ith the aid of ether, digest with ether and repeat this 
operation three times; lead olcate is thus dissolved out entirely. Transfer 
the solid soap with the aid of ether into a separating funnel, decompose 
with hydrochloric acid and wash the ethereal layer until free from mineral 
acid. Distil off the ether, dry the fatty acids in a ^water-oven, and pour 
into the flask 50 c.c. of alcohol of exactly 90 per cent. (spec. gra)^. 0*8340). 
Dissolve the fatty acids by warming the (corked) flask, allow to cool to 
cither 15° or 20^, collect the crystals on a small filter and wash three times 
with 10 c.c. of 90 per cent, alcohol, each time at the s4me fixed 
temperature. The filtrate and washings are measured; the necessary 
corrections are found in the following table : 
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Table CXX.— Determination of Arachidic Aao (Archbdtt) 

• 


For Weights of Fatty Acids 
obtained by Renard’s Process. 

Grms. at 

IS”. 

I 7 ' 5 “. 

20*0°. 

% 

0*1 or less 

0*033 

0*039 

0*046 

. 0-2 „ 

0*048 

0*056 

0*064 

0-3 » 

o-oss 

0*064 

0*074 

0'4 » 

0*061 

0*070 

o*o8o 

0-5 n 

0*064 

0*074 

0*085 

0*6 „ 

0*067 

0*077 

o*o88 

07. 

0*069 

0*079 

0*090 

0*8 

0*070 

0*080 

0*091 

0*9 and upwards .... 

0*071 

o*o8i 

0*091 


The crystals are thoroughly washed with 70 per cen. alcohol, in which 
the crude arachidic acid is quite insoluble,* until the washings remain clear 
on adding water. It is not necessary* altlpugh advisable, to redissolve the 
acids in 50 c.c. of go per cent, alcohol an^opcat the operation ju^t described. 
The crystals are dissolved in boiling etl^r and weighed p ":e. c?lying at 100 
The correction is then added to the weight. The ny \l^'g-point (capillary 
tube method) of the mixed arachitlic and lignoccric aCi'?s so isolated varied 
from 71 to 72*5", but even wlu working in exact acef. dance with Tortelli 
and Ruggeri’s directions crystals melting at 74-75'^' could not be obtained by 
Archbutt, his highest figure being 73-3°. (It may be added that after 
recrystallising the acids repeatedly from 90 per cent, alcohol the melting-point 
was raised to 79*6°.) 

The above process, although giving excellent results (in fact the pro- 
portion of aracliis oil present in mixtures can be determined with as great 
accuracy as that of any other oil), is somewhat lengthy and cumbersome, and 
this fact led Bellier to attenijit a less complicated method which is carried 
out as follows: Five grins, of the oil are weighed out, saponified with 25 c.c. 
of alcoholic potash (85 grins, potash dissolved in a litre of 70 per cent, alcohol), 
and the fatty acids liberated w9:h 7-5 c.c. of dilute acetic acid, which exactly 
neutralises the potash. tThe liquid is then cooled rapidly and allowed to 
stand for an hour to precipitate the fatty acids. After filtering, the fatty 
acids arc w^ashed at 15° to 20° with^o per cent, alcohol containing i per cent, 
(by volume) of HCl until the filtrate gives no turbidity with water. The 
precipitate is then dissolv^'^ in 25 to 50 c.c. of boiling alcohol of 92 to 93 
per cent, strength, and sufficient \vater adaed to reduce the strength to 70 
per cent# The fatty acids are allowed to crystallise below 20*^ for an hour, 
then filtered off, washed with 70 per cent, alcohol until no turbidity is given 
with water, dissolved in warm ether, crystallised, dried and weighed. Using 
this method, Bellier obtained 4-2 per cent, of fatty acids from two arachis 
oils, and none or practically none from several olive oils. 

The process has been exhaustively studied by Evers {Analysis 1912, 37, 
487) from whose paper many ideas have been taken. 

Archbutt (Allen’s Commercial Organic Analysis ^ 4th ed., Vol. II, p. 101) 
states that he has obtained low results by this method. 


* Cf . the work of Evers below. 
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The process was tested by Evers on various oils in conjtuiction with 
Renard’s process as modified by Archbtftt {ibid,, p. 93). The results are 
given in the following table: 


Table CXXI. — Determinati^t^ A^rachidic Acid (Evers) 



Ren ARC. 

Bellier. 

Oil. 

Arachidic 

M.Pt. 

Arachis 

Arachidic 

M.rt. 

°C. 

Arachis 


Acid 

Oil 

Acid 

Oil. ' 


per cent. 

per cent. 

per cent. 

per cent. 

Arachis (A) . 

4-59 

73 -s 


3-56 

71 

78 

Arachis (B) 

Olive oil, “ Nice ” 

5-15 

72*0 


376 

71 • 

83 

Superfine . 

0 



0 



Olive oil 
“ Seconds ” . | 

Olive oil 1 

1 0 

1 


Trace 


•• 

Malaga . . . ! 

Olive oil, 50% 

0 



Trace 


1 

Arachis (A), 50% 

, 2*28 

I 

1 ‘ ' 

50 

1-36 

72 

30 


The factor use^ in the calci the percentage of arachis oil by 

Bellier’s process isvz, as used by Bcllier. It is obvious that the results 
obtained are exceedingly low. This may be due either to the solubility of 
arachidic and lignoceric acids in 70 per cent, alcohol, or to the incomplete 
precipitation of the fatty acids on account of their solubility in the strong 
solution of oleic and other fatty acids. 

Renard {Compt, Rend., 73, 1330) states that these acids are quite insoluble 
in 70 per cent, alcohol, but the following determinations show that they possess 
a quite marked solubility : 

The acids employed were obtained from arachis oil by Renard’s process. 
The solubility was determined by dissolving about 0*2 grm. of fatty acid 
in 100 c.c. of 93 per cent, alcohol, adding sufficient water to reduce the 
strength to 70 per cent., and keeping at a fixed temperature for several hours. 
The liquid was then filtered at the same temperature, a measured volume 
of the filtrate evaporated to dryness, and the residue weighed. 

The following are mean values of seyeral results obtained by Evers : 


Melting-point 

°C. 

Solubility, Grms. 

per mo c.c 



At 

At 18 °. 


71 

o-oi6 

0*023 


72 

0*012 I 

0*017 


73 

0*009 1 

0*012 


The solubility was also determined when the fatty acids were 
a filter-paper, about 0*2 grm. being used. The results obtained „ 
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Melting-point. 

ms. dissolved 
per 100 c.c. 

71 

0‘008 

72 

0*006 

73 

0*005 


The presence of i per cent, of hydrochloric acid in the alcohol does not 
affect the solubility. 

The final modifi^id process of Evers is as follows: Weigh out 5 grms. of 
the oil into a saponif cation -flask, add 25 c.c. of alcoholic potash (80 grms. 
potash dissolved in 80 c.c. water and diluted to a litre with 90 per cent, 
alcohol) and saponify for about five minutes under a reflux condenser. 
To the hot soap solution add 7-5 c.c. of acetic acid (i volume of glacial 
acetic acid to 2 volumes of water) and 100 c.c. of 70 per cent, alcohol con- 
taining I per cent, (by volume) of HCl, and cool to 12° to 14° for an houn 
Filter and wash with 70 per cent, alcohol containing i per cent. HCl at 17 
to 19°, the precipitate being broken up occasionally by means of a platinum 
wire bent into a loop. The washing is ^''^inued until the filtrate gives no 
turbidity with water, the washings bci^g measured. Dissoly/the preci- 
pitate, according to its bulk, in 25 to 70 c.c. of hot 90 p:.f cent, alcohol, 
and cool to a fixed temperature betw'een 15° and 20^^. xf crystals appear in 
any quantity, allow to stand at this temperature for me to three hours, 
filter, wash with a measured volume of qo per cent, alcohol (about half the 
volume used for crystallisation) and finally with 50 c.c. of 70 per cent, alcohol. 
Wash the crystals with warm ether into a weighed flask, distil off the ether, 
dry at 100® and weigh. If the melting-point is lower than 71°, rccrystallise 
from 90 per cent, alcohol. Add the correction for the solubility in 90 per 
cent, alcohol as in Renard’s process, from the table given by Archbutt 
above and also for the total volume of 70 per cent, alcohol used in precipitat- 
ing and washing (including the 100 c.c. added in the first instance) from the 
following table : • 


Table CXXII. — Results from Evers’s Final Modified Process 


1 Correcl 1011 

per 100 c.c. 7o^V(j Alcohol. 

vVeignt Ox Acids j ■ ■ 

(corrected for 90 per cent. Alcohol). % ' ^jo 

1 

; M Pt. 72^ 

M.Pt. 73°. 

Above 0*10 grm. 0*013 

1 

: O'OoS grm. 

o*oo6 grm. 

„ 0*68-0*10 grm | o-oii „ 

0-007 „ 

0*006 „ 

„ 0*05-0*08 „ .... 1 O-OOQ „ 

i 0*007 „ 

0*005 „ 

„ o*g2-o*o5 „ .... 1 0-007 „ 

1 o*oo6 

i 0*005 „ 

Less than 0*02 grm ' 0 006 „ 

Factor for conversion of percentage ' 

j 0-005 „ 

1 

0*004 »» 

of fatty acids to arachis oil . . j 17 

I 20 

! 

22 


• If there are no crystals from 90 per cent, alcohol, or if they are only in 
very small amount, add a sufficient quantity of water to reduce the strength 
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of the alcohol to 70 per cent. (31 c.c. wajer to 100 c.c. 90 per cent, alcohol). 
Crystallise at 17^-19° for an hour, filter, wash with 70 per ceit. alcohol, 
and weigh as before, adding the correction for the 70 per cent, dcohol from 
the above table. If the melting-point is below 71°, recrysiallise from a 
small quantity of 90 per cent, alcohol, or again from 70 per c-nt. alcohol. 

The results obtained by this method are given in the fo^owing table: 


Table CXXI II. —Results from Evers’s Final Modified Process 



.2 C 3 


-M 







0 

t: 

0 r / 





d 

*0 u 

Oil. 

« Pi 

-SpS ^ 

0 "rt 

t: 75 

bo tr. 

0 - 

9 

'J 9 *^ 

0 

U 0 

0 Cl, 0 
u 0 

75 

c 

c 

0 

U 

u. 

"S 

a; JP c 
0 ort 


^ ^ 0 
0 ^ 

U 

-u 

J:? ' 3 J 

o^< 

0 

H 

ID 

Ph 



C'U 


0 





0 



Clrni. 

( 7 nn. 

(Irrn. 

Cnu 




Arachis (A) . 

(90 

o-i 6 o 

0 

6 

0 

0*027 

0-227 

4-54 

73 

100 

I70 

0-2i8 


0-065 

0-283 

5-66 

71 

96 

Arachis (B) . . . . 

Igo 

0-163 

0 

6 

4- 

0-0J2 

0-240 

4*8o 

72 

96 

1 70 

0-233 



0-0()S 

0-301 

6*02 

71 

102 

Arachis (C) . . 

go 

0-* X 2 

0-054 1 0-034 

0-240 

4*80 

72 

96 

Arachis (D'^ . . 

Arachis (A), 5cS, . . 

(JO 


0*033 

0-028 

0*255 

5*10 

72 

102 

Igo 

0 

6 

0-032 

0*022 

o-iio 

2*20 

73 

48 

Olive “ Nice,” 50 

\yo 

0*090 

0-055 

0-145 

2*90 

71 

49 

Arachis (A), 3 

Igo 

0*04*; 

0*020 

0*029 

0 - 0 Q 4 

1*88 

71 

32 

Olive “Nice,” 65: . 

\()0 

0*029 

0-040 

0-020 

0 

6 

1-78 

72-5 

37 

Arachis (A), 20/ 

70 

0-059 1 


0-040 

o-ogg 

1-98 

71 

34 

, 1 90 

0*024 

0-012 i 

O-OK) 

0*055 

1 I*T 0 

71 

19 

Olive “Nice,” 80 ;< 


0*030 ' 


0-024 

0*054 

I *08 

71 

18 

Arachis (C), 20 ' . 

I I90 

0-012 1 

0*020 : 

o-oiii; 

0-047 

0-94 

72 

19 

Olive “Malaga,” 80 ' .i 

\jo 

0-021 , 


0-027 

0*048 

0-96 

71 

16 

Arachis (A), 10 ; . 

fgo 

0-009*! 

o*oo8 

0-008 

0*025 

0*050 

73 

II 

Olive “ Nice,” 90/' .| 

I70 

0-008 ; 

I 

0 

6 

0*023 

0-046 

70 

8 

Arachis (B), 10, ; . .i 

fgo 

0 1 

1 


.. 

0 


Olive “Nice,” 90/ .! 

]yo 

0*012 1 


o-oi8 

0*030 

0-60 

71 

10 

Arachis (C), 10 ' 

190 i 

0 j 

' 


0 


Olive “ Malaga,” 90 ' . 

170 i 
1 ! 

0*01 1 


o-oj6 

0*027 

0*54 

71 

9 

Arachis (A), 5, ' . . 

j 


1 




Olive “ Nice,” 95 ; .; 

>70 

0-007 

1 

0-012' 

0*019 

0-38 


6-5 

Sesamd i 

90 

0 ! 

• f 


0 


1 

70 

0-012 : 


i 


0-24 

64 


Cotton-seed . . . [ 

90 

0 ! 


• i 


0 


1 

Olive “ saponified ” .! 

70 

0*006 ; 


j 

••• 

0*12 

50-55 


90 1 

0-014 1 




0*28 

^4-67 


i 

70 ! 

0*021 ' 




0-42 

1 

64”'68 



Various other methods for the separation of arachidic acid have been 
proposed in recent years. Fachini and Dorta have worked out a method 
depending upon the solubility of the potassium salts in acetone (Analyst 

* This result was obtained by recrystallising the fatty acids obtained from 
70 per cent, alcohol from 10 c.c. of 90 per cent, alcohol. 

t In these cases the correction has been added for melting-point 71®. 
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1914, 39, 122) which has been Tecommended by Pritzker and Jurgkunz 
(Analyst, 1922, 47, 124) although Rideal and Acland (Analyst, 1913, 38, 
260) have described the method as practically useless. Kerr (Analyst, 1916, 
4I» 381) recommends a method which depends upon the solubility of the 
magnesium salts in ether, a similar process being described by Thomas and 
Yu (Analyst, 1923, 48, 126). These and similar metliods have no obvious 
advantages over the modified Bellifer method described above, so that readers 
must be referred to the abstracts or the original papers for the full details 
involved. It may be that a more expeditious method can be devised, but 
at the moment these new methods have not yet received the extended trial 
which is advisable. It would be a useful piece of work for these new methods 
to be compared with the Evers modification of the Bcilier process. 

Hydrogenated Arachis Oil . — Arachis oil may be converted into a hard 
white fatk-by catalytic hydrogenation. The oleic and linolic acids are reduced 
to stearic acid, and in the case of an oil of iodine value 82*5 Myddleton 
and Barry have shown that (Fats: Nninral and Synthetic, London 1924) 
when the iodine value had been reduced to 25-9 by this method the stearic 
acid had increased from 6*o to 32*6 per cent., whilst that of oleic had been 
reduced from 51*6 to 23-0, and that of linolic from 26-0 to o*o. Heim, 
Job and Struzwage (J.S.C.L, 1919, 38, 426A) hydrogenated the oil with 
nickel formate as catalyst and produced ^'>roduct which had M.Pt. 58°, 
Sol. Pt. 47*8‘" and iodine value 13*5. ^J^ilhe (J.S.C.L, 1922^41, S98A) 
passed the oil over an aluminium coppc/catalyat at 600”, freed the product 
from acids and then passed it over nickel at i8o"~20o ’ wL m he found methane 
and benzene hydrocarbons to be foimcd. "J'he qualitative test for arachis 
oil will fail, but the quantitative methods for its determination, as has 
been shown by Kreis and Roth (J.S.C.L, 1913, 32, 201), are still 
available. 

Exa 7 nina 1 ion for Adulteration . — Although arachis oil has been largely 
used to adulterate olive oil it is itself liable to adulteration with other seed 
oils w^hich happen to be clicaper at the moment. In the past sesame, cotton- 
seed, poppy-seed, rape, have been used for this purpose and the reoccurrence 
of the use of these and similar oils for this purpose is not unlikely. 

The specification for the best edible arachis oil in the United States of 
America as defined by the Tfiterstate Crushers’ Association is as follows: 
“ Choice pea-nut oil must be sweet in odour and flavour, prime in colour, 
clear and brilliant in appearance and free from moisture, and shall not con- 
tain more than one-ten tl* per cent, of free fatty acid. Prime yellow pea-nut 
oil must be clear, sweet in odour and flavour, free from water and settlings, 
and of no deeper colour than fifty yellow and five red on Lovibond’s equivalent 
colour scale.” ' 

The addition of any quantity of other seed oil will appreciably low^cr the 
amount of arachidic acid obtained in the Lvers metJiod. The amount so 
obtained .varies from 4*5 -5’3, and any oil giving ^ess than 4*3 per cent, of 
arachidic acid (crystallised from 90 per cent, alcohol) should be looked upon 
with grave suspicion. The iodine value should be about 90. Although 
genuine &mples have been reported with iodine values 'of 100 or more 
these are distinctly on the high side and the figure is not usually over 95. 
The saponification value should not be loss than 190. The titre value should 
be about 29°, whilst the solidifying point of the oil is about 3® to o*o°, one 
observer states that the oil becomes turbid at 3°, congeals at —3° and becomes 
^lid at— 7°. Colour tests for sesame and cotton-seed oils may be carried 
out, but it should be remembered that arachis oil is frequently pressed in the 
same presses as sesame oil and that, therefore, commercial samples of the 
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fonncr may give a faint reaction for sesam^ oil.* A very faint reaction may, 
therefore, be disregarded and a strong one should be carefully confirmed 
by means of the iodine value, titre test and the arachidic acid content. The 
poorer classes of Porto Rico are said to use the oil flavoured with nitrobenzene 
(Lucas, Analyst, 1913, 38, 457). The nitrobenzene may be determined by 
shaking the oil with zinc dust and hydrochloric acid and removing the 
aniline hydrochloride by washing out with water. Dekker {Analyst, 1923, 
48, 126) has described an oil from the seeds of Hibiscus cannabinus which 
closely resembles arachis oil. • 

“ Arachis butter ” is a preparation prepared by natives from the slightly 
roasted kernels of the nuts. Utt (Analyst, 1914, 39, 481) found 23 commer- 
cial samples to contain 44-74-53 -64 per cent, of fat which had an index of 
refraction at 40° of r463o-r4653 and iodine values of 88-04-94-36. Three 
samples prepared in the laboratory contained 50-65-52-03 per cent, of oil 
with index of refraction at 40°, 1-4631 and iodine value 88-75-90-03. 

* Sesara6 oil used to be found in the crude oils from India and China, due 
probably to carelessness rather than deliberate adulteration. 
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OIJVE OIL 

’ O&IVE oil is obtained from the fruit of the tree Oka europcea (var, sativa)^ L. 

“ At what remote period of human progress the wild oleaster passed 
under the care of the husbandman and became the fruitful garden olive it 
is impossible to conjecture. It is frequently referred to in the Bible and 
Homer’s Iliads and dl tradition points to the limestone hills of Attica as the 
seat of its first cultivation in Greece. By Solon’s time it had increased to 
such an extent that laws were framed to regulate its cultivation, and Pliny 
refers to it as growing abundantly in Spain and the two Gallic provinces. 
In Egypt it did not flourish, and the olive oil found in the I’heban tombs 
was probably imported from Syria. Along the southern shores of the great 
Mediterranean the tree was carried by the Phoenicians, at a remote period, 
to their numerous colonies in Africa, to southern Spain and Sardinia, and 
perhaps also to the Canary Islands. Yiel^g a grateful substitute for the 
butter and animal fats consumed by the r^s of the north, the qjive, in the 
south, became an emblem not only of^eace but of national wealth and 
domestic plenty; and of victory, too, forming the crown alike of the Olympic 
victor and the Roman conqueror. Among the Greeks and Romans the oil 
was valued as an article of diet as well as for external use. The unripe fruit, 
steeped in brine, was much valued, and pickled olives have been found 
among the buried stores of Pompeii, The bitter juice deposited during 
expression of the oil (called Amurca, whence Marc is derived) and the astrin- 
gent leaves of the tree have many virtues attributed to them by ancient 
writers.” {Chemical Age, 1923, 8, 453.) 

At the present time the olive tree is cultivated in nearly all the countries 
bordering on the Mediterranean, and in later years cultivation has extended 
to Australia, California and South Africa. The yield of oil from the fruits 
grown in non-European countries is considerably inferior to that from the 
Mediterranean olives and, although considerable efforts have been made by 
the U.S. Dept, of Agriculture to effect improvement, and some improvement 
has been the result, yet iiuch remains to be done. 

The tree is subject to various disease, thus fungi attack the shoots, 
whilst the olive fly, Mosca olivarum {ntouche de Volive) attacks the fruits with 
deadly effect and great care and attemion are necessary to protect the orchards 
from these and other pests. * 

A large number of various grades of oil are known in commerce. The 
finest qualities (known as virgin oil) are produced by hand-picking the fruits, 
selecting those that are only just ripe, peeling them and hand-pressing in 
cloths. The oil is treated with water and allowed to stand — when perfectly 
bright the oil is skimmed off. 

The best ordinary grades are prepared by crushing the nearly ripe fruits 
without breaking the kernels and grinding the mass to a pulp. The pulp 
is then pressed in hydraulic presses in the cold. For lower-grade oils cold 
water is then added to the marc and pressure again applied after which the 
process is repeated using hot water in place of cold. The press cake still 
contains considerable quantities of oil in some cases up to 20 per cent, and 
even more. This is removed by extraction. Previously carbon bisulphide 
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was used for this purpose almost exclusively (producing the sulphur olive 
oils ”) but more recently ethylene trichloride has been used on account of 
the much reduced possibility of fire. (Cf. Chemical Age^ 1923, 8, 452.) 

In some cases the marcs from the earlier pressings are thrown into pits 
where fermentation sets in, after which the whole mass is ground to crush 
the stones, mixed with boiling water, and strongly pressed {huile d*enfer)* 
The press cake is then extracted as before. * The oils known as olive residuum 
oils {huiles des grignons d* olives), are frequently washed with alkali and then 
with water and are allowed to settle. They are frequently known as neutral 
or “ saponified ” oils. They are characterised by turbidity, due partly to 
traces of water, and by a high proportion of unsaponifiable matter. See 
page 272. 'Fhe liquid taken from the pits where the marc ferments, and 
other aqueous fluids obtained during the production of olive oil, are rich in 
potash and nitrogenous substances, but up to the present they have not been 
utilised. (Cf. Chevalier, J.S.C.L, 1916, 35, 1120; Cruess and Christie, 
ibid., 1917, 36, 147.) For the production of neutral pharmaceutical oils 
see Cordier and Lesure (ibid., 1917, 36, 722). 

In a French consular report (jf.S.C.I., 1911, 30, 1071) it was stated that 
Italian producers decolourised with citric acid or tannin, usually the latter. 
The amount of tannin varies between i and 5 per cent, according to the 
colour of the original oil andy-he degree of bleaching desired. Another 
method which was described as a^safe ’* one was to allow the oil to fall as a 
fine sprey from a height of about metres into a large vessel partly filled 
with water and so arranged that the oil is exposed to air and sunlight. Klein 
(J.S.C.L, 1912, 31, 593) is of opinion that only fresh olives and those pickled 
in brine can yield a good pale edible oil, others giving oils which are too dark 
and wdiich liavc a too high acid value. 

Ventre has a useful paper on the preparation of olive oil of which the 
following is an abstract (J.S.C.L, 1915, 34, 236) : “ He states that the 
increased yield of oil due to late harvesting of olives is only apparent, being 
due to the loss of water by evaporation. The best time for plucking is when 
the skin is red or black, and without wrinkles; if delayed loo long, the yield 
of oil is diminished. 'I'he proportion of oil to dry matter is not sensibly 
affected by storage, provided ventilation is adequate and the olives are placed 
in layers not exceeding 16 inches in depth. The quality of the fruit is not 
diminished by storage for a certain time, and the yield of oil may be increased. 
Heated olives give a better yield of oil; the optimum temperature (35-40°.) 
should be obtained by natural fermentation. A cemparison of the relative 
efficiency of hydraulic and mechanical presses showed that the former have 
a slight advantage, and should, therefore, be employed in large factories. 
The addition of water gives a better extraction, but hot water is no better 
than cold.’* 

Degli Atti (J.S.C.L, 1915, 34, 288) states that when the maceration of 
olive pulp is prolonged unduly, oil is obtained which, altfiough of good quality, 
is strongly coloured. The best method for the decolourisation of such oils 
is treatment with 5 per cent, of finely powdered animal charcoal for seven 
days. Artmann (J.S.C.L, 1920, 39, 120A) has shown that the colour of the 
oils seems to be due to three different pigments respectively, yellow, green 
and brown, and that some filtering agents show a selective absorption for 
one of these. Mastbaum (J.S.C.J., 1922, 41, 674 A) has given an account 
of current methods of pressing in Spain, many of which he describes as 
being crude; he makes several valuable suggestions for the improvement of 
the Spanish industry. 

Ripe olives have been known to contain as much as 70 per cent, of oil 
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but this figure is exceptional, the freshly-prepared olives of the best culti* 
vated varieties containing from 40-6^ per cent. Algerian olives may contain 
as low a proportion of oil as 10 per cent., whilst rarely rising to more than 
35 per cent., whilst Tunisian olives contain from 20 to 50 per cent, of oil. 
Corsican olives contain 25-37 per cent, of oil (P. Sajous, ^. 5 .CJ., 1924, 
43, B1018). The amount of oil contained in the olives cultivated in recent 
years in California is low, an oil ccyitent of 30 per cent, has not yet been 
reached whilst figures of less than 20 are very common. The acidity of the 
^ «il ip olives is dealt with by R. Marcille {Analyst^ 1925, 50, 27). 

Composition, — Olive oi^ contains a large proportion of oleic acid and a 
quantity of solid acids which have been variously estimated as from 2 per 
cent, to 25 per cent., but how much of this variation is due to faulty methods 
of examination and how* much to real differences in composition of oils 
from various sources can scarcely be said to be yet definitely decided. 
Tunisian oils from Sfax contain, according to Bertainchand, up to 25 per 
cent, of solid fatty acids, such oils would,, of course, have a portion of the 
“ stearine ” removed before being placed on the market. 

The solid fatty acids consist largely of palmitic acid. A trace of arachidic 
acid has been reported by some w^orkers and is probably present but the 
quantity is so small that no deposit is obtained in any of the ordinary methods 
for the determination of this acid in oils. H^hner and Mitchell {Analyst, 
1896, 21, 328) failed to obtain crystals of ste Vic acid from olive oil by their 
well-know’n method and on the strength of/chis Lewkowitsch stated that the 
absence of stearin must be taken as proven. It must be remembered, how- 
ever, that the same test fails to reveal more than a mere t^ ace of stearic acid 
in butter fat, which fat has been shown by other methods to contain con- 
siderable quantities, so that the absence of stearic acid requires further 
investigation. 

The liquid fatty acids contain a large proportion of oleic acid, but it seems 
to have been proved beyond reasonable doubt that a proportion of linolic 
acid is also present. The relative proportions of oleic acid to linolic acid 
varies in different samples of oil but the quantity of linolic is about one- 
tenth (or somev/hat less) that of the oleic. Myddleton and Barry {Fats: 
Natural and Synthetic, page 107) give the composition of the acids as 
palmitic, 14*6 per cent.; oleic, >5-4 per cent. ; and linolic, lo-o per cent. 

Jamieson and Baughman {J.O,FJ,, 1925, 2, 40) have examined the 
composition of Californian olive oil. They found lhat this oil consists of 
the glycerides of oleic acid, 84-67 linolic acid, 4-6; myristic acid a trace; 
palmitic acid, 6-7; stearic acid, 2-3; arachidic acid, o-i; and unsaponi- 
fiable matter, i-o. Lapworth and MottramT[J.*S\C., 1925, 127, 1628) give 
oleic acid, 72; linolic, 12-13; higher saturated acids, 14-15; and unsaponi- 
fiable matter, i -4 per cent. • 

Properties. — Olive oil has been w'ell described as the edible oil par excel- 
lence. The taste of the 4 iest varieties is bland and pieasant and their appear- 
ance clear d^d bright. A small amount of stearine is deposited in the case 
of fresh oils on cooling to temperatures below 15°, especially in the case of 
oils from certain districts which contain a considerable amount of “ stearine,” 
but when this has once been Removed by cooling and decantation the oil will 
remain clear and bright for long periods. The oil is a non-drying oil which 
does not easily turn rancid when it has been removed from the marc. In 
the Livache test an absorption of about i is obtained, compared with about 
15 for linseed oil. The high acidity and rancidity of many of the cheaper 
varieties of oil are due to the fact that they have been allowed to remain 
with the marc after the earlier extractions, or that they have been produced 



a68 


EDIBLE OILS AND FATS 


was used for this purpose almost exclusivgly (producing the “ sulphur olive 
oils **) but more recently ethylene trichloride has been used on account of 
the much reduced possibility of fire. (Cf. Chemical Age^ 1923, 8, 452.) 

In some cases the marcs from the earlier pressings are thrown into pits 
where fermentation sets in, after which the whole mass is ground to crush 
the stones, mixed with boiling water, and strongly pressed {huile (Tenfer), 
The press cake is then extracted as before. • The oils known as olive residuum 
oils {huiles des grignons d^olives)^ are frequently washed with alkali and then 
with water and are allowed to settle. They are frequently known as neutnal 
or “ saponified ” oils. They are characterised by turbidity, due partly to 
traces of water, and by a high proportion of unsaponifiable matter. See 
page 272. The liquid taken from the pits where the marc ferments, and 
other aqueous fluids obtained during the production of olive oil, are rich in 
potash and nitrogenous substances, but up to the present they have cot been 
utilised. (Cf. Chevalier, 1916, 35, 1120; Cruess and Christie, 

tbtd.y 1917, 36, 147.) For the production of neutral pharmaceutical oils 
see Cordier and Lesure {ibid., 1917, 36, 722). 

In a French consular report {J.S.C.I., 1911, 30, 1071) it was stated that 
Italian producers decolourised with citric acid or tannin, usually the latter. 
The amount ol tannin varies between 1 and 5 per cent, according to the 
colour of the original oil and*^he degree of bleaching desired. Another 
method whi^h was described as a^l^^afe ” one was to allow the oil to fall as a 
fine sprey from a height of about metres into a large vessel partly filled 
with water and so arranged that the oil is exposed to air and sunlight. Klein 
{J.S.C.l.y 1912, 31, 593) is of opinion that only fresh olives and those pickled 
in brine can yield a good pale edible oil, others giving oils which are too dark 
and which have a too higli acid value. 

Ventre has a useful paper on the preparation of olive oil of which the 
following is an abstract {y.S.C.I.y 1915, 34, 236) : “ He states that the 
increased yielti of oil due to late harvesting of olives is only apparent, being 
due to the loss of water by evaporation. The best time for plucking is when 
the skin is red or black, and without wrinkles; if delayed too long, the yield 
of oil is diminished. The proportion of oil to dry matter is not sensibly 
affected by storage, provided ventilation is adequate and the olives are placed 
in layers not exceeding 16 inches in depth. The quality of the fruit is not 
diminished by storage for a certain time, and the yield of oil may be increased. 
Heated olives give a better yield of oil; the pptirnum temperature (35-40°.) 
should be obtained by natural fermentation. A ccimparison of the relative 
efficiency of hydraulic and mechanical presses showed that the former have 
a slight advantage, and should, therefore, be employed in large factories. 
The addition of water gives a better cxfraction, but hot water is no better 
than cold.” * 

Degli Atti (J.S.C.l., 1915, 34, 288) states that when the maceration of 
olive pulp is prolonged unduly, oil is obtained which, although of goofl quality, 
is strongly coloured. The best method for the decolourisation of such oils 
is treatment with 5 per cent, of finely powdered animal charcoal for seven 
days. Artmann {J.S.C.I., 1920, 39, 120.A) has shown that the coltJur of the 
oils seems to be due to three different pigments' respectively, yellow, green 
and brown, and that some filtering agents show a selective absorption for 
one of these. Mastbaum {J.S.C.l., 1922, 41, 674A) has given an account 
of current methods of pressing in Spain, many of which he describes as 
being crude; he makes several valuable suggestions for the improvement of 
the Spanish industry. 

Ripe olives have been known to contain as much as 70 per cent, of oil 
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but this figure is exceptional, the freshly-prepared olives of the best culti- 
vated varieties containing from 40-ft) per cent. Algerian olives may contain 
as low a proportion of oil as 10 per cent., whilst rarely rising to more than 
35 per cent., whilst Tunisian olives contain from 20 to 50 per cent, of oil. 
Corsican olives contain 25-37 per cent, of oil (P. Sajous, J.S.CJ,y 1924, 
43, B1018). The amount of oil contained in the olives cultivated in recent 
years in California is low, an oil ccptent of 30 per cent, has not yet been 
reached whilst figures of less than 20 are very common. The acidity of the 

ip olives is dealt with by R. Marcille (Analyst ^ 1925, 50, 27). 

• Composition.— oil contains a large proportion of oleic acid and a 
quantity of solid acids which have been variously estimated as from 2 per 
cent, to 25 per cent., but how much of this variation is due to faulty methods 
of examination and how much to real differences in composition of oils 
from various sources can scarcely be said to be yet definitely decided. 
Tunisian oils from Sfax contain, according to Bertainchand, up to 25 per 
cent, of solid fatty acids, such oils would,, of course, have a portion of the 
“ stearine ” removed before being placed on the market. 

The solid fatty acids consist largely of palmitic acid. A trace of arachidic 
acid has been reported by some workers and is probably present but the 
quantity is so small that no deposit is obtained in any of the ordinary methods 
for the determination of this acid in oils. H^hner and Mitchell (Analyst^ 
1896, 21, 328) failed to obtain cr)\stals of stc .i*ic acid from olive oil by their 
well-known method and on the strength ofi^his Lcwkowitsch statejf that the 
absence of stearin must be taken as proven. It must be remembered, how- 
ever, that the same test fails to reveal more than a mere trace of stearic acid 
in butter fat, which fat has been shown by other methods to contain con- 
siderable quantities, so that the absence of stearic acid requires further 
investigation. 

The liquid fatty acids contain a large proportion of oleic acid, but it seems 
to have been proved beyond rea.sonabIe doubt that a proportion of linolic 
acid is also present. The relative proportions of oleic acid to linolic acid 
varies in different samples of oil but the quantity of linolic is about one- 
tenth (or somewhat less) that of the oleic. Myddleton and Barry (Fats: 
Natural and Synthetic ^ page 107) give the composition of the acids as 
palmitic, 14*6 per cent.; oleic, >5-4 per cent. ; and linolic, lo-o per cent. 

Jamieson and Baughman (J.O.F.L, 1925, 2, 40) have examined the 
composition of Californian olive oil. They found lhat this oil consists of 
the glycerides of oleic acid, 84-6* linolic acid, 4*6; myristic acid a trace; 
palmitic acid, 67; stearic acid, 2-3; arachidic acid, o-i; and unsaponi- 
fiable matter, ro. Lapworth and Mottrain 1925, 127, 1628) give 
oleic acid, 72; linolic, 12-13; higher saturated acids, 14-15 ; and unsaponi- 
fiable matter, i -4 per cent. 

Properties. — Olive oil has been well described as the edible oil par excel- 
lence. The taste of theH^est varieties is bland and pleasant and their appear- 
ance clear ^d bright. A small amount of stearine is dv posited in the case 
of fresh oils on cooling to temperatures below 15°, especially in the case of 
oils from cej;tain districts which contain a considerable amount of ‘‘ stearine,” 
but when this has once been i;emoved by cooling and decantation the oil will 
remain clear and bright for long periods. The oil is a non-drying oil which 
does not easily turn rancid when it has been removed from the marc. In 
the Livache test an absorption of about i is obtained, compared w'ith about 
15 for linseed oil. The high acidity and rancidity of many of the cheaper 
varieties of oil are due to the fact that they have been allowed to remain 
with the marc after the earlier extractions, or that they have been produced 
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from over-ripe seeds. The propcrt>>^ of the oil varies to a considerable extent 
depending upon the variety of tree^ the degree of ripeness of the fruit, the 
method of gathering and the method used to obtain the oil. The taste of 
some oils is harsh and bitter as, for instance, the Puglia olive oils, but this 
harshness disappears on keeping. The harsher oils such as Tunisian are 
frequently mixed with better quality oils so that the objectionable flavour 
will be less noticeable. Canzoneri and Bianchini {Analyst^ I9i4» 39 # 255) 
consider that rancidity in olive oil is caused by oxidation promoted by 
■ligtt. For the solubility of olive oil in alcohol see Fachini and Somazzi 
{J,S,C,L, 1925, 44, B250). 

Tests for Adulteration . — There are no special tests which may be applied 
for the detection of olive oil in mixtures and also no single test which, applied 
to the oil, will decide whether it is genuine or otherwise. An opinion on the 
purity of^an oil must be given on a general consideration of the analytical 
characters of the oil together with the indications produced by the applica- 
tion of specific tests for various likely adulterants. The most important 
single determination is that of the iodine value. In genuine oils this usually 
lies between 81 and 85, but an oil having a value outside these is not neces- 
sarily adulterated as some Tunisian olive oils of undoubted purity have 
given iodine values as high as 94*7, whilst a Mogador oil (Thomson and 
Dunlop, Analyst y 1906, 31, 282), which had refractive index at 40° of 1*4608, 
saponification value 190*7, S.G., 0*9150 and 24*72 of free oleic acid, had an 
iodine value of 94*3. In spite of these hi/h iodine values which fiave been 
obtained from genuine oils any oil which gives an iodine value approach- 
ing 90 must be looked upon with suspicion, and should be very carefully 
examined for possible adulterants. The iodine values of most of the probable 
adulterants are much higher than olive oil with certain notable exceptions 
such as arachis oil, for which latter there is, fortunately, a specific test. On 
account of these fluctuations the use of colour reactions is preferred by 
J. Sonol {J.S.C.I.y 1925, 44, B16). 

Tolman and Munson {Bull. No. 77, U.S. Dept, of Agriculture) give a 
large number of analyses of genuine Californian olive oils obtained from 
all parts of the State and representing the dift'erent soils and climatic conditions. 
The iodine values of 42 samples ranged from 78*5 to 89*8, with an average 
of 85*1. Eleven samples exanrned by Blasdale ranged from 8o*o to 86*5; 
average 84*0. Samples of known purity examined by Colby ranged from 
77*7 to 93*5. Tolman and Munson have foxind that the iodine value increases 
as the percentage of solid Jatty aOlds and the M.Pt.of the mixed fatty acids 
decrease, and they recommend that the iodine value should be considered in 
conjunction with these other factors and with the iodine value of the liquid 
fatty acids. They give the following table : 


Table CXXV. — Relation between Iodine Value, Solid Fatty 
Acids and M.Pt. of Mixed Fatty Acids (California Oils) 
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Solid I 'a tty 
Acids 

per cent. , 

M.Pt. of 
Mixed Fatty 
Acids. 

79.9 

10*91 

31*0 

856 

4*92 

21*3 

83-0 

7*62 

28*0 

857 

6*27 

23 '4 

82-9 

570 

25*0 

86*2 

3-39 

21*1 

. 84-3 

7 - 2.3 

23*4 

88*2 

4*42 

23-5 

85-6 

1 5-12 

22*6 

88*5 

2-43 

1 20*2 
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The oils which have been used to adulterate or substitute olive oil have 
included arachis, rape, cotton-seed, sesame, soya-bean, poppy-seed, maize 
oil, sunflower oil, lard oil and mineral oil. (Cf. Sejen-nut oil, page 247). 
Some suggestions for detecting these oils will be given below under the head- 
ing of each oil. 

The high iodine values of certain Moroccan oils has been ascribed by 
Sassarath to the use of the oil of Afganiim sideroxylon for which see 
page 244. 

Arachis Oil may be detected by the qualitative test given under arachie- • 
oil on page 260. A negative result by this test is definite proof of the absence 
of arachis oil, but a positive test is not conclusive proof of its presence. 
Thus Archbutt {J.S.C.L^ 1898, 17, 1009) found arachidic acid in rape 
and mustard oils so that a trace might be due to the presence of either of 
these. The same worker has also shown (ibid., 1911, 30, 5) that certain 
olive residuum oils (known as ‘‘ neutral or “ saponified ” oils) give a slight 
reaction with the qualitative test; • tomato -seed oil is also stated to contain 
notable quantities of arachidic acid. In every case where a slight positive 
reaction occurs in the qualitative test which is not due to arachidic acid (and 
therefore not due to the presence of a foreign oil) no residue will be obtained 
in the quantitative test when carried out as described on page 260. Liiers 
{J.C.S,y T913, 104, ii, 163) cmisiders that this precipitate is due in certain 
cases, where the oil contains iS^nch myristin, to the formation of an acid 
potassium salt of myristic acid arid states that the precipitate can be avoided 
by adding three drops of glacial acetic acid (in addition to the prescribed 
amount) to the saponified oil. 

To avoid any difiiculty A. D. Powell (Analyst, 1925, 50, 395. Cf. Shelley, 
ibid.^ p. 498) suggests the following modification of the test: 

One grm. of olive oil is saponified with 5 c.c. of 2N alcoholic potassium 
hydroxide solution (made with 90 per cent, alcohol), the mixture being 
treated under a reflux condenser for 5 minutes. After dilution with 
25 c.c. of water, the solution is well shaken with 30 c.c. of ether to 
remove the greater portion of the unsaponifiable matter; the separated 
aqueous solution is acidified with 2 c.c. of concentrated hydrochloric 
acid, and the fatty acids extracted by ^shaking with 20 c.c. of ether. 
This ethereal solution, after being washed once with 10 c.c. of water, 
is evaporated, and the fatty acids heated in the water-oven for about 

10 minutes. 'Phe separated fatty acids are dissolved in 50 c.c. of 70 
per cent, alcohol, and the solution cooled to 14 ' to 15*^’ C., and maintained 
at that temperature for an hour, or longer if necessary. In the greater 
proportion of oils tested 5 per cwit, of arachis oil caused a precipitate 
at 15" C. in about half an hour, but in the case of an oil containing a 
high proportion of liquid fatty acids, cooling to 14° C., may be neces- 
sary to induce precijritaiion. Most oils which arc free from arachis 

011 remain clear at 12'’ C.; in exceptional cases a precipitate* may occur 
at 14° to 15° C. The melting-point of the precipitate should, therefore, 
be taken in all cases where precipitation occurs above 14° Q 

In the absence of arachidic acid, the original precipitate, after being 
well washed with cold 70 per cent, alcohol to remove soluble fatty acids, 
melts at about 52"* to 54® C., and, after recrystallisation from 90 per 
cent, alcohol, at about 6o°-6i° C. The precipitate from oils containing 
from 5 to 10 per cent, of arachis oil melts between 60° and 65° C., and 
one recrystallisation from 90 per cent, alcohol is usually suflicient to 
raise the melting-point above 70° C. 
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Cf. Biazzo and Vigdoreik {Analyst, 1917, 42, 85); Lund (y.S.CJ.^ 1917, 
36, 722). Pecan-nut oil, page 209, Queensland nut-oil, page 245. For a 
colour test see Sisley and Frehse {Analyst, 1914, 39, 228). Cf. also Frehse 
{y.S.C.L, 1925, 44, B512). 

Rape Oil when present will tend to lower the saponification value and 
increase the iodine value. The characteristic acid of rape oil, erucic acid, 
may be detected by the method Tortelli and Fortini which is fully 
described on page 228. Kreis {Analyst, 1913, 38, 434) has suggested the 
following method for the detection of rape oil : The fatty acids from 20 grms. 
of the oil are dissolved in 100 c.c. of 95 per cent, alcohol, and the boiling 
solution is treated with 1*5 grm. of lead acetate dissolved in 50 c.c. of alcohol. 
After standing for twelve hours at a temperature below 15°, the lead salts 
are collected, washed three times with alcohol, and the fatty acids are liberated 
from the salts by treatment with hydrochloric acid. The fatty acids thus 
obtained are again dissolved in 100 c.c. of alcohol, and the boiling solution 
is treated with i grm. of lead acetate dissolved in 50 c.c. of alcohol. After 
twelve hours the lead salts are separated by filtration, and the fatty acids 
remaining in the filtrate are recovered by evaporating off the alcohol and 
treating the residue with dilute hydrochloric acid. The melting-point of 
this fraction of the fatty acids is now determined. In the case of pure olive 
oil it will be about 47° C., but is considerably ^ i^er when rape oil is present. 
He claims that the method will detect the presence of as little as 5 j>er cent, 
of rape oil in olive oil. Biazzo and Vigdoreik {Analyst, 1917, 42, 86) base 
a method of detection on the potassium-salt-acctone method and reduction 
of the crucic acid to behenic acid. 

Cotton-Seed Oil in any quantity will cause an increase in the iodine value 
and the specific gravity. An olive oil having a specific gravity of more than 
0*918 (particularly if it is pale; the darker oils, are, as a rule, somewhat 
higher in gravity and have been known to have 8.G. as high as 0*920) needs 
careful consideration betore it is passed as genuine. The Halphen test for 
cotton-seed oil should be applied. Occasionally genuine olive oils give a 
slight reaction with this test (cf. Sage, 1915, 34, 184; Prax, ibid., 

1921, 40, 778A), and at other times an oil containing cotton-seed oil fails to 
give the reaction. It has, however, been stated {SouthaWs Annual Reports, 
1911, 13) that cotton-seed oil may sometimes be detected by means of the 
nitric acid test (shaking with an equal volume of nitric acid of S.G. 1-375) 
when the Halphen gives no reaction. 

SesamS Oil, like the oAer semi-drying oils, will increase the specific 
gravity and the iodine value. It may be specifically recognised by means 
of the Baudouin reaction. Some olive oils, particularly those from Tunis, 
give slight reactions with the Jlaudouin reagent although quite free from 
sesame oil — very slight indications may therefore usually be disregarded with 
perfect safety. Sage {J^.C.I., 1915, 34, 184) states that such oils give a 
characteristi® change of colour with the Villavecchia modification of the 
Baudouin test. With this test the abnormal oils give a pink colour changing 
to lilac in one hour, whilst in the case of those actually containing sesame oil 
the original pink colour persists for this length of time. Marcille {Analyst, 
1910, 35, 479) states that the' substance in Tunis oil giving the Baudouin 
reaction may be removed by washing the oil with a dilute solution of sodium 
carbonate. Prax( 3 ^.C.*S\, 1922, 122, ii, 595) states that the colouring matter 
can be removed by shaking the oil with its own volume of 90 per cent, 
alcohol containing 10 per cent, of ammonia and evaporating off the alcohol 
and ammonia on the water-bath before applying the test. 
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Lard Oil has been used at times as |n adulterant. The odour of the oil, 
especially on warming, will be some guide in this case and Lewkowitsch 
suggests that the viscosity and the melting-point of the fatty acids may also 
be of some use. Lard oil has M.Pt. of fatty acids about 35® and titre test 
about 31®, whilst olive oil has 32 ®“- 28 ® for the former and 2i®-24® for the 
latter. Where, however, lard oil or other animal oil is suspected the phytos- 
teryl acetate test should be carried out. The ph5rtosterol of olive oil has 
M.Pt. i35°-i36‘5®, whilst the acetate has M.Pt. I20°~i2i®. 

Mineral Oils and unsaponifiable matter will be shown by a lowering’^f 
the saponification value and an increase in the amount of unsaponifiable 
matter. The neutralised alcoholic solution obtained after the determina^ 
tion of the saponification value should remain clear and bright on the addition 
of twice its volume of water. 

Other Vegetable Oils which are likely to be used will usually he indicated 
by taste — a most important test, but one requiring care and experience — and 
the increase in the iodine value.* In addition to the oils mentioned above 
some other oils, which closely resemble olive oils, may be used as adulterants 
or substitutes. These are cornel oil, calumpang-nut oil (Java olive oil), 
caskcw-kerncl oil, and tea-seed oil. The detection of these oils is difficult — 
the suggestions that have been made will be found under the head of these 
oils on pages 237-248. K; 

Othee^ Methods of Examination . — The Maumene test and the elaidin 
test are quite characteristic of olive oil, and Archbutt {J.S.CJ.y 1886, 5, 
303) has given figures which tend to show that an admixture of 10 per cent, 
of rape or cotton -seed oil would be detected by the latter test, but such an 
admixture could be detected with equal certainty (or uncertainty) by other 
tests, so that, in general, it will not be necessary to apply this test. The 
figures given by olive oil in the Maumene test are lower than those of most 
other vegetable oils, but the indications given arc of no greater value than 
those of other tests. Mazzaron has suggested a novel test {Analyst^ 1916, 
41, 135) by which the volume of sulphur dioxide generated during the 
carrying out of the Maumen <5 test is measured. The sulphur dioxide value 
is defined by this author as the number of c.c. of N/io iodine solution 
required by the sulphur dioxide evolved when 20 c.c. of oil are treated with 
5 c.c. of pure sulphuric acid. This valite varies in the case of olive oil 
from 2*i~2-6, whilst in the case of sesame it is 49^; cotton-seed, i37i; 
soya-bean, 223. Maize oil has a sulphur dioxide value of 65, whilst those of 
colza and arachis oils are 15 and 7 respectively. « 

This method has been evamined by Morton and Spencer (J.O.F./., 
1924, I, 66), who propose the following apparatus: The apparatus consists 
of a Pyrex test-tube, 10 by i ^ inches. ^ The rounded bottom of this tube must 
be as nearly hemispherical as possible. A gldss stirring paddle, the blades of 
which are 3 cm. from tip to tip and i cm. deep, is provided. The blades 
conform in shape to the rounded bottom of the tube and are turned to give, 
as nearly as possible, an upward movement to the liquid. X three-hole 
rubber stopper closes the tube, the centre hole being large enough to admit 
a mercury seal, the other two holes carrying glass tubes of f mm. inside 
diameter. The shaft of the glass paddle passes through the mercury seal 
and is attached to the shaft of a stirring motor regulated to run at 300 r, p.m. 
The absorption end of the apparatus consists of three 200 c.c. Erlenmeyer 
flasks each provided with a two-hole rubber stopper and glass connecting 
tubes. Glass tubing of 4 mm. inside diameter is used throughout. 

The reaction is conducted in a constant temperature bath maintained at 
25-5® to 26°. This bath can readily be constructed from an empty 
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eflier can. A | inch overflow is provided about an inch from the 
rim. 

Running tap-water is passed into the can through a quarter-inch copper 
coil heated with a Bunsen flame, and the temperature of the bath is con- 
trolled by the rate of flow of the water and the heat applied. The authors 
have found this to be a very eflicient and convenient means of bath control, 
the variation not exceeding 0-5^^. It.}ias the advantage of being portable and 
easily manipulated. The test-tube can be so adjusted that tilting alone is 
sQ^dent to remove the bath without disturbing the apparatus above it. The 
overflow of the bath can serve as an additional bath in which the sulphuric 
add and oil under examination may be brought to a uniform and constant 
temperature before making the determination. 

The actual determination is carried out as follows : 

“ Sulphuric acid (98-5 per cent.) prepared by boiling the ordinary 95 per 
cent, acid in an open casserole to about two-thirds of its original volume. It 
is poured hot into a Pyrex-Erlenmeyer flask and cooled under a calcium 
chloride tube. This acid must be carefully made to a uniform and definite 
strength and kept well protected. 

“2. Iodine, tenth-normal solution. 

“ 3. Sodium thiosulphate, tenth-normal solution. 

“ 4. Starch, 0*5 per cent, solution. 

5. Mercury.'' ' 

Determination 

Measure into the first 200 c.c. Erlenmeyer flask enough tenth-normal 
iodine solution to assure an excess of about 15 c.c. and bring the volume to 
about 150 c.c. with water. To the second flask add 5 c.c. of the tenth- 
normal iodine solution and bring the volume to about 150 c.c. To the 
third flask add i grm. cf potassium iodide and 2 c.c, of starch solution and 
dilute to about 100 c.c. Connect the three flasks and aspirate through the 
apparatus and regulate the rate to about 180 bubbles a minute. 

Bring the sample of oil and the sulphuric acid to 25 5 to 26° in the 
constant temperature bath. Measure with a pipette 20 c.c. of the oil and 
introduce it into the digestion chamber by placing the tip of the pipette 
near the bottom and touching the side of the tube. Be sure that no oil 
touches the side of the tube above the level that will be reached when the 
sulphuric acid is added. J^Wow tfle pipette to drain for 10 minutes. Care- 
fully pipette 5 c.c. of the sulphuric acid into the test-mbe by placing the tip 
of the pipetce just above the level of the oil, touching the side of the tube, 
and allow the acid to underlie the oiUwith as little disturbance as possible. 
All premature mixing must be avoided. Connect the test-tube with the 
stirring apparatus but do not let the paddle dip into the mixture. Place the 
constant temperature b^h directly under the test-tube. Raise the test-tube 
to its proper position and fasten in place. Make the connection to the 
absorption flasks. Elevate the constant temperature bath to submerge 
about 6 inohes of the test-tube. Disconnect the aspirating tube. Place a 
finger over the open end of ihc intake tube and start the stitrer. Steady 
the digestion tube with the hand to eliminate friction as much as possible. 
When the reaction subsides, as indicated by the backing up of the solution 
in the first flask release the finger from the intake tube, reattach the aspirating 
tube and continue the aspiration at the predetermined rate. Stir for exactly 
10' minutes. At the end of 30 minutes disconnect the absorption flasks 
and titrate the excess of iodine with tenth-normal thiosulphate. The 
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number of cubic centimetres of tenth-normal iodine consumed is the sulphuric 
index of the oil. • 

By this method these observers obtained the following results: 

Table CXXVI. — Sulphuric Index of Various Oils 


Oil. 

1 

Sulphuric 

Index. 

1 

Iodine Value. 

Olive, California . . i 

2*1 


1 

2-54 



2 '60 



2*2 

81-3 

Italian 

1*00 

82*2 


1*21 

1 80 ‘0 

Tea-seed .... 

1*62 

83-0 

Coconut 

1 o*8o 

! ^’9 

Sesame | 

52-07 



51-97 

109*1 

Apricot . . - 

15-1 



1 14-3 

107-1 

Peanut, cold pressed . j 

! 5-73 

97*1 

Sunflower seed ... 

1 13^-1 

130-8 

Cotton-seed .... 

53-8-92-7 

102-0-112-2 

i 


Morton and Spencer observe that the sulphuric index has a place in the 
record of analysis of cotton-seed oil. The conditions entering into this 
determination can be controlled, but if the results are to have any value 
the method must be followed with care and expert manipulation. As a 
routine method it does not compare with that for the iodine number in the 
number of determinations that can be made in a given time, but as a means 
of identification of an unadulterated oil it a)mpares favourably. The extent 
of adulteration of cotton-seed oil with olive oil may be determined within 
a definite limit, but the reverse is not true. A large proportion of cotton-seed 
oil can be added to olive oil, without increasing the index measurably. 

Extracted Olive Oils are not legitimately sold for edible purposes, for which 
they are quite unsuitable. The extraction is frequently carried out with 
carbon bisulphide so that traces of this solvent and other organic sulphur 
compounds are usually found in the oils, moreover as the extraction is always 
carried out on the press cake, frequently after this has been allowed to 
ferment, very high percentages of fatty acids are usually present and amounts 
up to 70 per cent, have been recorded. ' 

Canzoneri and Bianchini 1914? 33 > 1017) examined six extracted 

oils at length and found S.G. 0*9 i68-0’91q 8 ; R.l. at 1*41598-1 *4627; 
iodine value 74*1-77*9; titre, 17*5^-19*7''; eV'idity, 2*65-55*9 per cent, as 
oleic; ash, 0 046-0*056 per cent. Total sulphur, as BaS04, C)* 4“®'55 
cent., acetyl value, 31. They recommend that carbon bisulphide be detected 
by distilling with steam and testing the first portion of the distillate with a 
dilute solution of copper sulphate, or with amyl alcohol and kapok oil (or 
cotton-seed oil) as in the Halphen test. Stadlinger {ibid., 1920, 39, 663A) 
tested forty -seven samples of extracted oils and found the unsaponifiable 
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matter to vary from 0‘2-^*6 per cent., and the oxidised fatty acids from 1*3- 
12 '8 per cent. He states that for* the determination of oxidised acids the 
petroleum spirit used should have S.G. o-695-o705 and B.Pt., 65^-95°, 
and that it should be as free as possible from unsaturated and benzene 
hydrocarbons, but Goldschmidt and Weiss {ibid., 1921, 40, 396A) do not 
agree with this latter suggestion and state that any kind of petroleum spirit 
may be used. It is now possible ^to remove the whole of the solvent by 
careful treatment so that the extracted oil no longer gives reactions for carbon 
"bisulphide. 

Canzoneri {Analyst, 1915, 40, 399) states that extracted oils are now 
neutralised and decolourised by a patent process of esterification. The 
substances produced by this process have a pleasant odour and are completely 
saponifiable; it is soluble in alcohol, ether, carbon bisulphide and rapidly 
oxidises Ao form a viscous liquid. Samples has S.G. 0‘90i-0-9055; iodine 
value, 73-75-2; index of refraction (no temperature given), 1-4603. 

Villavccchia is of opinion that, in general, an olive oil may be regarded 
as pure when it is coloured only pale yellow by Heydenreich’s,IIauchecorne^s 
or Brulle’s reagent, has a saponification number not less than 192 and an 
iodine number not exceeding 83, and does not contain arachidic, lignoceric 
or erucic acid. An oil with a saponification number less than 192 and an 
iodine number above 83 , but of normal bebf viour as regards all the other 
tests, may be regarded as genuine. ^ 

The official Italian methods give for olive oil the limits indicated above 
for the different characters, excepting that the solidifying temperature is 
given as 2-6, the refractometcr index at 40°, 1-4618-1*4623, and the iodine 
number as 79-90. They give further: Rcichert-Meissl number 0*3; 
Hehner number 95-5-96*2; acetyl number 4-10; absolute iodine number, 
95-104; unsaponifiable residue, which should he constituted of minimum 
traces of phytosterol scarcely sufficient for the reaction with chloroform and 
sulphuric acid (100 grins, of the oil yield o-45-0'47 grm. of crude phytosterol, 
whilst sesame and cotton-sced oils give respectively 1*28 and 1*20 grm.) 

The following remarks by Shelley {Analyst, 1924, 49, 335) in connection 
with two abnormal samples of olive riil should be of interest; 

“ Sample No. 1 . — 'J'his had an extremely bitter taste, not unlike that of 
strychnine, and left a burning Sensation in the throat. 

“On analysis it gave the following figures: Bp. gr., 0*9156; saponi- 
fication value, 194-4; iodine value, 79*9; free fatty acids, 0*4 per cent.; 
and nA^°, 1*4613 ; arac^»is and* cotto^i-seed oils, absent; Baudouin’s test 
(furfurol and hydrochloric acid modification) a distinct red, changing to 
olive-green. 

“ The bitterness and reaction Wn Baudouin’s test seemed the only 
abnormalities. On referrinjj to Thorpe’s Dictionary of Applied Chemistry, 
Vol. IV, p. 701 , 1 found the follow'ing : 

“ ‘^According to Bourquilot and Vintilcsco, olives contain a glucoside, 
oleoeuropein — a yellow powder with bitter taste — hydrolysablc by 
emulein, which is present in the fruit, Iea\es and bark.’ And under 
Olive Oil, p. 702: ‘ Olives intended for oil production are gathered just 
before maturity, as the oil obtained from the barely ripe fruit is much 
superior in quality to that obtained from fully-ripe or over- ripe fruits.’ 

“ As it seemed possible that the two bodies might be present in this oil, 
I shook up some of the oil with w-ater (A) and kept the mixture at a tempera- 
ture of 80° F., together with some of the oil (B). At the end of ten days 
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the separated oil from sample A was free from bitterness and acridity^ and 
was bland and of a beautiful golden colotir. 

The analytical figures were very similar to those of the untreated oil, 
excepting that the free acidity was slightly reduced, and that Baudouin^s 
reaction was almost negative (a very slight and fugitive pink). 

“ Sample B was still bitter and acrid after 14 days in the incubator. 

“ The writer suggests that the abnormal climatic conditions in Spain 
last year were not favourable to complete hydrolysis taking place before the 
fruit was pressed (hence the bitterness) and that emulsin and oleoeuropdrt 
being present in some stage of hydrolysis, other than the bitter one, may 
account for the fact that some olive oils give a positive reaction in Baudouin’s 
test. 

“ Sample No. 2. This oil was reported upon as containing 30 to 40 per 
cent, of arachis oil, this conclusion, presumably, having been a^’rived at 
from its behaviour in the British Pharmacopoeia test. 7 ^he writer has fre- 
quently experienced difficulty with this test during the winter months, 
when the temperature during the .24 hours sometimes falls many degrees 
below freezing-point. As a result of some tests, he would suggest that the 
B.P. instruction should be altered to read * and kept at a temperature of 
15-5° C. for 24 hours.* 

“ Some of the oil in quet^-ion, aftervirards reported upon as free from 
arachis oij (A), some mixed with 15 per cent, of nut oil (B), and some with 
10 per cent, of nut oil (C), were subjected to the B.P. test, with this difference, 
that all three were kept in an incubator at a temperature of 15*5° C. for the 
required period. The following results were obtained: 

“ A, entirely free from crystals; B, a hea\'y deposit of crystals; C, a 
very few crystals (so few as to leave one doubtful). 

“ On putting flasks A and C into a water-bath and keeping them at a 
temperature of 12° C. for an hour, no crystals were deposited in A, but C 
(with 10 per cent, of nut oil) gave a heavy deposit.** 

Hydrogenated Olive Oil . — Myddleton and Barry give the composition of 
the fatty acids of a hardened olive oil of iodine value 53*0 (iodine value of 
original oil, 82-5) as palmitic, 14*6; stearic, 24*0; oleic, 26*0; linolic, O’o; 
“ new acids of hydrogenation,’* 35-4. 

► 

“ Lipolytic Enzymes in Olive Oil.*’ Rector, J.S.C.I.^ 1920, 39, 
304A. 

“ The Bacteriology of Canned Olives.** Koser, Analyst^ 1921, 46, 
103. ' 

“ The Action of Driers oA Olive Oil.” Mackey and Ingle, y.»S.C./., 
1916, 35, 454. 

“ 'I’he Dry Distillation of Olive Residues.” Basanta, y.S.CJ.y 
1924, 43, B525. 
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VEGETABLE FATS 
Bassia (Indian Ilmp£) Tallow 

Bassia tallow or Indian Illipe tallow is obtained from several species of 
BassiUy the fat of which is very similar although according to some writers 
the true Indian Illip6 butter is obtained from B, longifoliay whilst fat from 
the othej species of Bassia is only commercially sold as Indian Illipe. Care- 
ful distinction should be made between the Illip^ fat from India which is 
the product of one or more of the Bassia species and some commercial 
Illipd fat which is really Borneo tallow obtained from species of Shorea and 
described on page 282. It will be noticed that the iodine value of the latter 
is distinctly lower than that of Bassia tallow. 

5 . longifolia occurs in the southern parts of India whilst B, latifolia^ 
which is also known as Mowrah (Mohwrah or^Morah) butter, occurs mostly 
in the north of India. B, butyracea occurs m the Himalayas. B. djave is 
found in West Africa, B. mottleyana in Sarawak, whilst B, pttrkii (shea 
butter) is plentiful in West Africa and the Soudan. It will be convenient 
to deal here with B. lalifolia, B. longifolia and B. butyracea (frequently 
known as Phulwar butter), which are the species usually described as being 
the sources of Indian Illipe or Bassia tallow, whilst leaving the others for 
description below under separate heads. 

The seeds vary somewhat in size according to the particular source but 
usually weigh about i grm. or less and contain some 50 per cent, of fat. 
According to Sudborough, Watson and Chandorkar, who describe the oil 
as Mohua oil (^. 5 .C./., 1923, 42, S62A), crude oils with acidities below 13 
are readily refined by alkali treatment although the loss reaches 18 per cent. 
The neutralised oil (which is yellow) may be bleached colourless by vegetable 
charcoal and deodorised by •superheated steam under reduced pressure. 
When subsequently hydrogenated a practically colourless product is obtained 
which, by adding 20 per cent, of ghee, may be used as a ghee substitute. 
According to these authors the oil consists of the glycerides of stearic, oleic 
and palmitic acids; free palmitic acid ma^ be isolated from the press cake 
(Winterstcin, j^.iS.C./., 1919, 38, S44A). 

The cake is said to contain a sajonin-like substance {Biochem. 1910, 
4, 93) with marked physiciogical activity when subcutaneously injected, 
but apparently without action when fed to cattle. The changes which the 
seeds undergo after plucking have been studied I'^y G. J. Fowler and T. 
Dinanath^(j^.iS'.C./., 1923, 42, 986A), who state that “ the fruits, if plucked 
when near the ripening stage, contain small amounts of sucrose and reducing 
sugars, vwhich increase considerably if the fruits are allowed to remain at 
room temperature for a day qr two. The quantity of sucrose ife at a maximum 
on the third day after plucking, after which decomposition sets in and the 
sucrose and total fermentable sugars decrease. The starch content decreases 
very rapidly in the first two days after plucking, and the tannins are almost 
constant in quantity till the third day, when they begin to disappear. These 
clianges in the composition of the fruit can be explained by assuming that 
the starch is broken down by the enzymes present, amylase being very 
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active during the first day, invertase during the first two days, and 
maltase during the first three days, afcer which their activity gradually 
diminishes.** 

According to P. Berg and J. Angerhausen {Analyst^ 1914, 39, 310) the 
fat contains about 2 per cent, of unsaponifiable matter which has [a]„ -f 27*1° 
in chloroformic solution, the bulk of this consists of a substance which is 
insoluble in alcohol and which has [a]„ stated that this unsaponi- 

fiable substance is not phytosterol and that it is not precipitated by digitonin, 
and a suggested method for the detection of Bassia fat depends upon solutioit 
of the unsaponifiable matter from 100 grms. of the oil in a small quantity 
of ether and pouring the ethereal solution into excess (about 100 c.c.) of 
absolute alcohol (a turbidity here suggests the presence of Bassia fat). The 
solution is filtered, partially evaporated to remove ether and digitonin added. 
The digitonin precipitate is separated, the solution is evaporated^ and the 
residue extracted with ether when the excess of digitonin remains insoluble. 
The ethereal solution is evaporated and the optical rotation of the residue 
determined — most fats, it is stated, give an inactive residue, while Bassia 
fat (and shea butter) yield a residue having [a]„ +35°. 

The unsaponifiable matter has been further studied by S. Kobayashi 
{J.S.CJ.y 1922, 41, Q87A), who found that it consisted of a light yellow 
solid with an aromatic odour a^id the following characters: M.Pt., I48°~i54®; 
iodine value, 178*5; saponif. value after acetylation, 83*7; ether-soluble 
bromide about ji per cent.; bromine content, 67*30 per cent. It gave a 
white precipitate of digitonide with an alcoholic solution of digitonin and the 
bromide became blackish-brown at and turned black at 165° without 
melting. The unsaponifiable matter was treated with hot 95 per cent, 
alcohol, and from tlic insoluble matter a highly unsaturated hydrocarbon 
was isolated by repeated rccrj^stallisation from ether. This hydrocarbon, 
illipene, CaglLe? has M.Pt. 64*5^’, iodine value 382*5, and gives 312*2 per cent, 
of cthcr-iiisokiblc bromide (67*46 per cent. Br.). It is optically inactive 
and boils above 315° at 2*5 mm. pressure. The higher alcohols in the 
)jnsaponifiable matter were freed from sterols by means of digitonin and when 
fractionated by repeated rccrystallisation from acetone gave the following 
compounds: C^iH^kO, microscopical silky needles, IVI.Pt., 196°-I97''; iodine 
value 114-9 saponif. value after acetvlalion, 150*7''; QiILrO; silver- 
white crystals, M.Pt., iodine value, 100*2; silver- 

white grains, M.Pt., i59''-i6o'’; iodine value, 82*3; CaiHaoO; light-yellow 
needles, M.Pt. i25'-i35'"; iodine value, io5*2; saponif. value after acetyla- 
tion, 132*5". 

It would thus appear that the work of Berg and Angerhausen either 
refers to fat from a ditferent source orrthat it needs very careful checking, 
but as the sample examined by Kobavashi Contained as much as 8*6 
per cent, of unsaponifiable matter it cannot be considered as above 
suspicion. • 

The composition of the fat of B, latifolia (Mowrah-seed oil)’ has been 
determined by Gill and Sliah (J.O.F.Ly 1Q25, 2, 46), who worked with a 
sample having sap. value, 206*5; iodine value, 57*9; Reichert ^%^^ue, 0*7; 
Polenske value, 0*9; acid value, i|*2; unsiq^onifiable matter, 0*8 per 
cent. They found glycerides of the following acids : Clupanodonic, trace; 
linolic, 13-3; oleic, 40*2; stearic, 2*0; palmitic, 26*6; myristic, i6*i per 
cent. 
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Table CXXVII.— Characteristics of Bassia Tallow 
Sassia Latifolia 


Observer. 

S.G. 

M.Pt. 

Acid 

V^alue. 

Sap. 

Value. 

Iodine 

Value. 

R.M. 

n„*o. 

Unsap. 
per cent. 

Crossley and Le Sueur . 

0-894*- 
0-898 
at 100°/ 
100° 

23- 
29 . 

4 - 8 - 

21-2 

187-4- 

194-0 

53 - 4 - 

67-8 

0 - 4 - 

0-9 

1-4605- 

1*4610 


Lewkowitsch . . . 


2S- 

31 

34- 

40 

187-6 

196-2 

52-6 

63-9 

1-6 

1-7 

•• 

2-34 

^ Imperial Ii^stitute . . 

0-857- 
0-870 1 

lOO-jlf 


20- 

34‘8 

188-3 

199-8 

1567 

1 

76.8 

0-2 

I.O 


1-7- 

3-5 

® Sudborough, etc. . . 

0-925 

at 15° 

1 

1 


196-5 

59*5 

1*4 

1-4605 


Bolton and Revis . . 

0-860 

99715° 

.. 149 

1^2-2 

59 -4 


1-4577 

^ 11- 

-• 


1 Analyst, 1912, 37, 54; 1914, 39, 134. ^ J.S.CJ,, 1923, 42, 562 A. 


Bassia Longifolia 


Observer. 

S.G. 

[100715°. 

iM.Pt. 

X. 

1 I 1 

1 Value. 1 ^ 

VdlllO. 

1 W, 4 l>. 

T itrc. 

’ X. 

Unsap. 
[per cent. 

Lewkowitsch . . 

. . 1 

: 42 

i 

' 187-4- 1 s ^- 
188-5 1 64 

.. ;i -4 

1 1 

• • 40 1 

i 

2*6 

Imperial Institute 

. 0-856 
, 0-864 


191-5- '54-8 
202*7 

5‘0~ 2-3 
' ! > ; 

125-7 ; 3 -'J; 


1 1 

3^ i 
45 1 

1- 4- 

2- 1 

Sprinkmeyer and 
Diedrichs * 


• • •' 

190-0- I 60 - 2- 
192*7 ; 64-2 

; 1-3- 1 1-7 
158-1 |i -7 

1-4598- = 
1-4621 

i 

1*8 

Bolton and Revis . 

. 0-862 ' 

• 


^89-8. i 62-6 

^ 6 - 5 _X i 

1-4589 


•• 


* Analyst, 31 


Bassi(^ Buiyracea 


ObscnvcT. 

i s.c. 

^100715'' 

- - 

M.Pt* Sap. 1 

X. \aluo. ' 

l.V. 

1 

1 

Acid 

Value 

1'itre. 

X, 

Unsap. 
per cent. 

Lewkowitsch # . 

39- : 190-8- 1 0-4- 

51 1 194-6 1 1-3 

41- 2- 

42- 1 

' i- 4552 - 
1-4582 



2-2 

• 

Imperial Institute 

0-856- 

..1 195-3 ,0-0- 

396 


20-7 

48-2 

2-2 


0-862 

9 

6 

0 

04 

427 

. 

& 59-6 

51-5 

2-8 

Diedrichs * 

1 

3*1 

47-7 

I -4642 1 

1-0 


2-2 


1 ■■ ' 

’ 

50-6 

i- 4 f '59 ! 

! 50-0 


5-3 

Bolton and Revis 


. . , i88-2 . 1*3 ’ 42-6 

■' - . 777 ^ T" 

CO 

yr-i 

Z 

. 

17 

-- 

1*4 


* 1914, 33, 1098. 
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The figures of Jean (Analyst^ 1906, 31* 262), who gives saponification 
value, 175 and iodine value, 20, must obviously be taken with reserve as 
they are quite different from those of all other observers. It will be observed 
that the fats of B, longifolia and B, latifolia are very similar, whilst that 
from B. butyracea has a considerably lower iodine value. Bolton and 
Revis {Fatty Foods^ p. 183 et seq) suggest that the two former be known as 
“ Longifolia fat and “ Latifolia fat respectively, and the suggestion is a 
useful one, although as the two are so nearly alike in properties and value 
not much difficulty arises from their confusion. For the biogenesis of 
Bassia fat see Fowler and Dinanath 1925, 44, B178). 

Borneo Tallow 

Borneo tallow is derived chiefly from the kernels of Shorea stenopteray 
Burck., but the seeds of a number of other species of Shorea^ such as 5 . 
ghysvertianQy S. aptera, S. robusta are also used as a source of this oil as also 
are those of Isoptera borniensisy Scheff., Hopea asperCy De Vriese and Pentacme 
siamensisy Kury. All these sources belong to the family Dipterocarpece. 
According to the Imperial Institute {J.S.CJ.y 1915, 34, 1213) the kernels of 
these species came from Borneo, Java, and Sumatra, and occur in commerce 
under the name of “ Illipe ^uts — the grades most commonly met with 
being “ large black Pontianae illip6 nuts ” and “ large Pontianae or Sarawak 
illipd nuts' without guarantee of colour.” 

Bolton and Pelly (O//5, FatSy Waxes and ResinSy London, 1924) state that 
the black nuts are considered to be the best and contain nearly 70 per cent, 
of fat, whilst the brown ones as a rule have only 48 to 50 per cent. The 
trees bear fruit after about twelve years and the fruits are collected as they 
drop. No real cultivation of the trees can be said to take place and the 
fruiting depends largely on the season. 

Several methods have been used by the natives for preparing the oil. 
The most usual one is to allow the nuts to stand in a damp place so that the 
shells crack and allow the easy removal of the kernels. This method, 
however, yields a poorer product of bad colour. In Borneo the nuts are 
completely immersed in water and allowed to remain there for some thirty 
to forty days, this process of immersion being ^:onsidercd to act in some way 
as a precaution against attacks by insects. The kernels are usually exported 
as such after drying in the sun, only that oil being expressed locally which is 
required by the natives for their own use.' The^fat is known locally as 
Tangkawang or Tankawang fat. 

The various constants which have been observed for this oil are set out 
in Table CXXVIII. 

The fat is remarkably similar to cacao buttervin all its properties, in fact 
so much so that it was at one time practically impossible to distinguish 
mixtures of these fats from either of the original substances. Tate and 
Pooley {Analyst y 1921, 46, 229) have, however, working in the Government 
Laboratory, made suggestions which are not without interest, and, although 
other workers have apparently not been quite so successful, yet tha method 
is the only one which is at all likely to give useful results. On account of 
the chief importance of this fat being used as a cacao substitute full details 
of the methods of examination are given under this latter fat on page 308. 

Cacao butter substitutes of this nature arc known to some extent in 
commerce as “ Beurre Vert ” or “ Green butters.” These were at one time 
frequently green in colour probably caused by the presence of chlorophyll,* 
although artificially coloured fats are not unknown. The green colouring 
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matter is, however, by no means always present so that a Green butter ” 
may have the same appearance asVacao butter. 


Table CXXVIIL— Constants of Borneo Tallow 


Observer. 

'f • 

S.G. 

P-l (J 

I.V.. 

Sap. 

Value. 


Acid 

Value. 

iTitre. 

! 

M.Pt. 

Acids. 

“C. 

Unsap. 
per cent. 

Tate and Pooley . 

j 

0-857- 

0-858 

30 - 3 - 

34-7 

27-4- 

33-4 


1-4561- 

I- 4 S 73 

j 

52-0- 

54-1 

•• 

Sachs .... 

■ 


37-5 

30-31 

192-4 

-196 



52-0 

53-5 


' Sprinkmeyer and 
Diedrichs . . 

i 

i 

1 

1 

28-7 ! 

29*7 

196*6 

I -4571 

1 

1*0 


. . 

0-5 

* Imperial Institute 

0-852 

0-856 

1 29-33 

31-0- ! 
31-8 1 

190*7 

194*4 


8 - 5 - 

35 

53-0 
53 -5 

•• 


Brooks . . 

0-854 

0-856 

28-37 

30-0- ! 190*2 
315 192*1 

i I 

1 - 4559 - 

i- 45<'7 

11*3- 

24-7 

i 

1 53 

1 

56 

0 - 3 - 

0-5 


1 Analyst, 1912, 37, 349. 1915, 34, 1213. 


Species of Palaquium are also frequently known as Borneo tallow. The 
fat is described by Lcwkowitsch as Surin fat {Analyst, 1906, 31, 2) which is 
the native name for the fat from at least one species of Palaquium. The 
sample examined by Lev/kovvitsch was described as “ Minyak surin, from 
Perak, Straits Settlement.’’ The fat, after filtering, had the following 
characteristics : 


Fat— * 

Specific gravity at (water at 60° ^ 1 ) . . 

Solidifying-point, comim^nces^to solidify at 

,, „ •solid at °C 

Melting-point, °C • . . . . 

Saponification value 

Unsaponifiabic matter, per cent 

Iodine value 

Reichert-Wollny value 

Acid value . , . 

Fatty acids — 

* 

Solidifying-point, 

Mean molecular weight 

Stearic acid (of mdting-point, 67*8°), per cent. . 


0*9021 

48-9 


43-9 

56-1 

179-5 

4-54 

42-31 


S9-I 

284-9 

58-2 


Lcwkowitsch states that the seeds of P. pisang are supposed to contain 
‘45 per cent, of a bitter yellowish fat known in commerce under thejname 
“ Balam tallow,” whilst from P, oleosum, a white sweetish fat (“JSuntei 
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tallow **) is expressed. The species of Palaquium examined by Bontoux 
had the following characteristics: • 


Oil— 

Solidifying-point, °C 30 

Melting-point, 38-5 

Saponification value . . . . . i77*7-i82*3 

Iodine value 48 *2-57 -2 

Fatty acids — 

Titre test, 54-8 

Melting-point, X 57 

Neutralisation value i8i*i-i82*8 

P. ohlongifolnan yields a hard white fat different from the other species 
of Palaquium^ known as “ Njatuo tallow and similar to the fat from Shorea 
species; it is used in Borneo as an edible fat. The following characteristics 
have been obser\'ed for this fat: 


Tabj.e CXXTX. — Characteristics oi* Palaquium 


Observer 

M I’l. 
"C. 

At 1(1 
\'alu<* 

s,ip. 

\aliie. 

r.v. 

1 

1 0 

1 Unsap. 

1 

M.Ul. 

Acids. 

T. 

■ 1 
De Jongh and Tromp. . ! 

40 

4*2 

201*5 

1 

34-3 j •• 


imperial Institute . .1 

i 

3 « 1 

1 

7-0 

190*4 

35*9 

1 I *0 

! 

0 

00 


^ Analyst^ 1916, 41,. 7. 


Oil from Spfcies of ‘Garchiia 

The Garcinia species contain * several plants, the seeds of which yield 
useful oils, many of which are suitable^ for edible purposes. The oils so 
prepared have not been studied extensively, but various more or less isolated 
investigations have been carried through; these are given below under the 
various headings. •• 

G, balansce, — The seeds of this species, which is stated to be synA-nymous 
with G. tonkinensis, have been examined by C. Grimme {Analyst, 1911 > 36, 
21), who found 63*4 per cent, of a dark-brown fluid oil in the kernel^ and by 
F. Heim (J.S.C.L, 1918, 37, 63A) who states thjit the tree matures in 8 to 
10 years and would yield a full crop of seed only after 20 years. The seeds 
have long been considered of value in the Tonkiil district and are used for 
the extraction of burning oil which, how^ever, is mixed with an oleo-resin 
containing a small proportion of ethereal oil of agreeable odour. The seed 
weighs about 2 to 3 grins, and consists of about 95 per cent, kernel. The ‘ 
following characteristics have been observed ; 
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Table CXXX. — Characteristics of Oil from G. Balansje 




Observer. 

S.G. 

15°. 

j 

Sol. 

Pt. 

I.V. 

Acid 

Val. 


Titre. 

X. 

M.Pt. 

Acid. 

“C. 

Unsap. 

%. 

Sap. 

Val. 

Grimme . 

0*913 

8-6 

86-2 

1^*9 

I *4682 

30-3 

32.5 

4-2 

176-3 

Heim 


•• 

67*1 

93 



22 


198 


The oil which is known as Cay-doc oil in Annam was described as from 
G. halansce by Grimme and from G. ionkinensis by Heinn, which sources are 
considered to be synonymous, but the figures obtained by these two observers 
would not lead one to this conclusion. 

G. camhogia. — These seeds were found by Rau and Simonsen {J.S.C.L, 
1922, 41, 912A) to yield 31 per cent, of fat which resembled that from other 
species of Garcinia. These authors state that the fat consists for the most 
part of the glycerides of stearic and oleic acids and that it is an excellent 
edible fat. 

G. Conrauana. — The fruit of this tree is k iTown as “ bitter kola seeds ** 
but contains no caffeine and is quite different from Cola acuminaia-<\\e true 
kola nut. It has been examined by the Imperial Institute {Analyst, 1912, 

37 ’ 258)- 

G. echtnocarpa. — The thick oil from this si)ecies is locally known in 
India as “ Madol oil '\BulL Imp. Inst., June 1901) where it is used as a burn- 
ing oil and also as a vermifuge. 

G. indica. — This plant which is stated to be synonymous with G. purpurea 
is the source of Goa butter which is also knowm as Kokum butter and Man- 
gosteen oil. The seeus contain about 25 per cent, of fat, which is usually 
obtained by the crude native method of boiling the oil out with water and 
skimming from the surface. The fat consists for the most part of glycerides 
of oleic and stearic acid, probably largely of oleo-distearin. I'hc oil is used 
for edible purposes and as an adulterant of ghee. The following character- 
istics have been observed : ’ 


Table CXXXI. — Characteristics of Oil from G. Indica 


Observer. 

Sol. Pt. 
X 

M.Pt. 

"C. 

c 1 ’ 

Stp 1 , „ 

Value. 

> 1 

K.M. 


Tjtre. 

X. 

M.Pt. 

Acids. 

X. 

Heisc , . . . 



^91*3 i 33 'i 

1 

■ 

1-4574 


6 t 

Crossley &^Le Sueur 


. 

42 

1 i 86-8 ! 34*2 1 

I 1 

0*1 , 

! 

i- 4 S<jS 

1 

Hooper .^ . 


43 

191-5 i 25-0 

I -0 i . . , 

1 


61 


G. morella, — This is the source of the so-called Gamboge butter. The 
tree grows in Mysore and on the Western Coast of India. I’he fat is 
variously known as “ Murga fat and “ Gurgi fat ” by the natives. Both 
fats have been examined by D. Hooper {Analyst, 1907, 32, 358), w^ho con- 
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siders that the fat consists largely of dioleo-stearine. Hooper’s results arc 
given in the following table; • 

Table CXXXII. — Characteristics of Oil from G. Morella 


Specific gravity at 50^/50° . 
Melting-point, °C. . 

Acid value .... 
Saponification value . 

Iodine value 

Reichert-MeissI value 
Fatty acids per cent. . '. 

Melting-point of fatty acids, *^0 


Garcima 
Morelia 
(Murga Fat). 

Garcinia Morella 
(Gurgi Fat) . 

0-900 

0-902 

37“ 

33 - 5 ° 

3-49 

1379 

198-20 

1 19474 

S 3 72 

I 55-46 

0-69 j 

0*62 

94-89 1 

95*20 

56-0 c. 1 

SS-o C. 


G. picioria . — This tree grows in Western Mysore and the fat extracted 
from the seeds is used as an edible fat by the poorer classes, whilst inferior 
qualities are used as a burning oil. The oil has not apparently been fully 
examined. 

Illipe Fat 

At one time it W’as considered that the term Illipe fat referred solely to 
the product of Bassia longifolia^ L., a tree which occurs to a considerable ex- 
tent in India. Whatever truth there may have been in this statement at one 
time is uncertain but in any case there is no doubt but that the term Illipe 
fat is used indiscriminately in connection not only with species of Bassia 
but also of Palaquium and Shorca. A. W. Knapp {Analyst, 1921, 46, 236) 
states that the name Illipe fat is meaningless, whilst Bolton and Felly {Oils, 
Fats, Waxes and Resins, London, 1924, page 94) express the following 
opinions : 

A great deal of confusion exists as to the trade and botanical names 
of this and other somewhat similar fats which are indiscriminately 
referred to under the indefinite name of “ illipe.” 

The seeds to which the name illipe is given fall into three main 
classes ; 

1. The Bassia seeds of India (Natural Order, Sapotaceee), including 
Bassia latifolia, which yields “ mowxa ” fat, B, longifolia and B. buty^ 
racea, yielding “ phulwa ” butter. 

2. The siak ” seeds, species of Palaquium, small nuts also belonging 
to the Sapotacecc, sometimes called “ small siak nuts.” 

3. The Shorea seeds. These are often known as “ Large Pontianak ” 
or “ Sarawak ” (towns in Borneo) “ illipe nuts ” to distinguish them 
from Class 2. 

It is thus obvious that great confusion has resulted from so wide an 
application of the term illipe, and the indiscriminate use of the word is 
greatly to be deprecated ; 

whilst Georgi (J. 5 .C./., 1924, 43, B525) states that ‘‘ the term ‘ illipe ’ 
includes the true illipe nuts of India {Bassia, sp. N.O., sapotacece); the nuts 



VEGETABLE PATS 


^^87 

of Malaya, Borneo, Sumatra and Java, from various species, principally 
Shorea of the N.O. Dipterocarpe€e, had the Siak nuts of Malaya (Pal^ium^ 
sp. N.O. Sapotacea). Fat expressed from Malayan illip^ nuts is indiscrimi- 
nately known as Borneo tallow, but local trade is mostly in the nuts themselves, 
and a large proportion of the exports passes through Singapore. The nuts 
are marketed as illip^ nuts with a prefix denoting the district of origin, e.g., 
Sarawak, Pontianak.” 

It is obvious that this term Illip^ fat should no longer be used in any but 
a general sense, so that the various fats which have from time to time passed 
under this name will therefore be described under names by which they are 
more particularly known. See Borneo Tallow, Shea Butter, Mowrah- 
seed oil, Phulwara butter, etc. Cf. Surin fat, Adjab fat, Ratio oil, etc. 


Japan Tallow 

Japan tallow is extensively, and at one time was exclusively, known as 
japan-wax on account of its physical resemblance to the waxes. It is, 
however, a true fat consisting for the most part of glycerides and is, therefore, 
better described as japan tallow. 

It is obtained from the berries of various.^pecies of Rhus (the sumach 
tree) such as R. succedaneo, R. acuminator, R. veniicifera, R, sylvestris. The 
trees which are grown in China, Japan and India are chiefly valued as a 
source of lacquer. The oil is prepared by crushing the matured berries and 
separating the kernels. The crushed mass is then pressed in the usual way. 
Tsujimoto (quoted by Lcwkowitsch) states that with the growing demand 
for japan-w^ax the aim has been to increase the output ; this is accomplished 
by mixing the press residue, or even the ground berries, with about 10 per 
cent, of perilla oil and again pressing. This accounts, of course, for the 
somewhat wide variations of the commercial fats both in melting-points 
and in other characteristics. The crude wax is melted and strained and then 
allowed to drop into cold water which is kept stirred so that the fat solidifies 
in thin flakes. The flakes so produced are then exposed in shallow^ trays to 
the action of the sun and air, being occasionally sprinkled with water and 
moved over. The bleached material is finally remclted and cast into blocks. 
The berries contain about 25 per cent, of fat, the yield obtained under com- 
mercial conditions depending, of course, on the methods used for expression. 

The fat is a hard and brittle \^ax-like solid, pale-yellow or light -brown in 
colour, usually having a somewhat pronoupced and characteristic odour. 
It is soluble in the usual fat solvents and also in boiling alcohol from which 
latter it crystallises almost completely -pn cooling. 

The fatty acids present consist for the most part of palmitic acid. The 
composition has been studied by Geitel and Van der Want (J.S.CJ., 1900, 
19, 356); Schaal {ihidr, 1908, 27, 28); Matthes and Heintz (ibid.y 1910, 
29, 222);/and by Tassilly {ibid., 1911, 30, 907). The last wwker found 
large quantities of palmitic acid, small quantities (about i per cent.) of 
dibasic acids (japanic acid and its homologuesXand perlagonic acid and traces 
of stearic and oleic acids, togejiher with an acid having the formula, CjsHuoOa 
or (Ci6H8o 02)2. About 5 per cent, of soluble acids have been found which, 
it is possible, are formed during bleaching. 

Adulteration is occasionally practised but is not difficult to detect. The 
points to watch are freedom from water, a high melting-point and a high 
iodine value as adulterants are likely to lower the former and decrease the 
latter. The melting-point should be over 50°, the saponification value 
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about 220 and the iodine value usually less than lo although addition of 
perilla oil and variations in the method of expression will tend to increase 
this figure which has been found by some observers as high as 15. The acid 
value of commercial samples varies widely from 5 to 25 or more, but should 
be, as a rule, less than 20. The unsaponifiable matter varies between 
07 and 1*7 per cent., whilst the titre test usually gives about 60° or rather 
less. The specific gravities given by various observers are somewhat 
divergent, but usually it is not much less than unity. According to Dieterich, 
japan tallow has been used to some extent as an adulterant of beef tallow# 
He states that this admixture may be detected by heating 26 grms. of the 
sample with 75 c.c. of petroleum spirit and allowing to cool. In the case of 
pure tallow the solution remains clear, whilst in the presence of japan tallow 
a turbidity is produced. A further test also proposed by Dieterich, is to 
boil 0*5 grm. of the fat with 20 c.c. of a saturated solution of borax and then 
cool the mixture. In the presence of japan tallow an emulsion is produced 
whilst the aqueous solution remains, clear in the presence of pure beef tallow. 

J. B. M‘Nair {J.S.C.Ly 19 iS, 37, 430A) states that fats isolated from 
Rhus laurina and R. diversiloba had the following constants respectively: 
Sp. gr. (18-5° G.), 0*8987, 0*9872; solubility, 136, 170 mg. per litre in 
95 percent, alcohol at 20"" C.; iodine value (Hubl) 11*44,8*79; saponif. 
value, 157*1, 220-6; M.Pt., 7^1 53"" C. The substances appear to be more 
similar to japan-wax than to any other fat. A decrease in the poisonous 
properties of the fruit of R. dkersiloha occurs simultaneously with an increase 
in the fat content, but this does not appear to be due to the conversion of 
the poison into fat. 


Macassar Oil 

This oil is produced from the seeds of Schleichera frijugUy Willd., which 
have been described by Bolton and Jesson {Analyst y 1915, 40, 3) in the follow- 
ing way ; 

“ Schleichera trijnga, Willd. (Nat. Ord., Sapindacere ). — This genus is 
confined to Inilia (Central Provinces, West Peninsula, and Burma) 
and the Malayan region, where the nuts arc variously known as 
‘ Kusambi nuts,’ ‘ Pacca,’ etc. The tree is the lac tree of Kosumba 
(‘ Ceylon oak ’), and the oil is there knowm as kon or kusum oil, being 
said to be the original Macassar oil.. J^'ruit ij to 2 cm. long usually 
echinate, ovate-oblong or spherical, dark redHish-brown . Seeds i or 2 
in number, i to li cm. long, testa light yellowish brown; they are 
said (Brandis, Indian TreeSy p. 190) ‘ to be enclosed in a succulent 
arillus of pleasantly acid taste.’ The cnd^)sperm in the dried condition 
is yellow. A pale straw-coloured, semi-solid oil is contained in the 
kernels, which, it will be noted, gives a very high Reichert-Meissl 
value, and also a high Kirschner value. These figures, tal^n in con- 
junction with the low Polenske value, might render the oil difficult to 
detect if used as a butter adulterant, were it not for a peculiar colour 
reaction noticeable on saponification wdth alcoholic potasfi, and for 
certain other analytical differences.” 

The seeds weigh between 0*5 and i grm. each and consist of about 
40 per cent, shells and 60 per cent, kernel, the latter containing some 60 to 
70 per cent, of oil. The following characteristics have been observed for 
the oil : 
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Table CXXXIII. — Chakacteristics of Macassar Oil 


1 Sol. 

Observer. 1 Ft. ' 

'C. 

_ _ _ _ ... 1 

Sap. 

Value. 

1 

LV. 

R.M. 

i 

Pol. 

1 

1 

„ 40 . 

Titre. 

c°. 

Acid 

Value. 

Unsap, 
per cent. 

Lewkowitsch . .! 10 

1 

, ! 

215- 

230 

69 

90 

i 

1 

* ‘ ! 


52 ! 

i 

6 - 2 - 
35-4 , 

3-1 

Bolton and Jesson * 20 | 

227 

54-5 

i6*o 

1 

0-3 ' 

1-4597 

i 

15-8 

1 


Mafuua Tallow 

This^ fat is obtained in the seeds of Trichtlia emetica, Vahl, of which 
Mafureira oletfcra is said to be a synonym. It has been described at some 
length by De Negri and Fabris, the Imperial Institute, Daniel and M*Crae, 
and more recently by J. Wolff. 

Daniel and M‘Crae state that two products are produced, the first by 
boiling the seeds and water and skimming the oil from the surface — mafura 
oil, and the second, by crushing and pressing the seeds — mafura tallow, 
which is said to be poisonous. Daniel and®M‘Crae found the following 
characteristics 1908, 33, 276): • 


Table CXXXIV. — Characteristics of Mafura Tallow 


(Daniel and 

M‘Crae) 



Mafura Oil. 

Mai lira Tallow. 






at — 

1 


Specific gravity at i5°/i5‘" C. . 

. { 0-931 

. . 

„ „ 3o“/i5‘ C. . . . 

. I 0-920 

0-909 

4o”/i5°C. . . . 

0-913 

0-902 

Melting-point, '"C 

• ! 

29-5'-38° C. 

Saponification value . . , . 

, '202-5 

201- 

Iodine value 

. : 66 

43*5 

Reichert-Wollny value 

2-0 

I '3 

Saponification value of i^etylated fat *. 

• 235 

218 

True acetyl value 

•. 36-5 

16 

Butyro-refractoincter: “ degrees ” — 


„ „ at 20"' C. . 

■ 6s -r. i 


,, ,, at 3^ C. 

6o'i 

. . 

„ ,, at 40" C. . . 

Unsaponifiable, per tent 

• 54-6 

47-3 

. . 0-8 

1-2 

Free fajrty acids, per cent 

. 8-9 

147 

isoluble^atty acids — 



Specific gravity at 92 1 . 

. I o-8i;4 

0-843 

Solidifying-point, 

. ; 44-2" C. 

52-1“ C. 

Neutralisation value 

, I201 

204 

Saponification value 

. , 206 

205 

Iodine value 

. 68 

46 

Butyro-refractometer: degrees ” 

. 37-2 at 50° C. 

26-3 at 57° C. 
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The results of De Negri and Fabris and of the Imperial Institute are thus 
summarised by Daniel and M*Crae: ^ 

“ I. De Negri and Fabris, prepared in laboratory; II. De Negri and 
Fabris, commercial sample; III. Imperial Institute, from entire nuts; 
IV. Imperial Institute, from kernels only; Ifl. Mixed fatty acids from I; 
Ha. Mixed fatty acids from II.*’ 


Sample. 

"C. 

Sol. Pt. 

°c- 

Acid Value. 

Sap. Value. 

Iodine Value. 

I . . . 

35-41 

33-25 


200*08 

44-85 

II . . . 

35-5-42 

37-30 

* * i 

220*96 

46-14 

Ill . . 

37 

20-25 

52-5 


55-8 

IV* . . 

40 

25-30 

42-4 


47-8 

\a . . . 

51-54 

47-44 



46*92 

Ila . . 

52-55 

48-44 



48-19 


J. Wolff (J.S.CJ.y 1922, 41, 21 A) states that the fat is soft and yellow or 
brownish with a pleasant nutty odour which may be removed by steam 
distillatioR. He found the following characteristics: 


Acid value 31*0-32*2 

Un saponifiable matter i*i-i*5 

Saponification value 202-207 

Iodine value (Wijs) 45*1-46 

,, „ (Hiibl-Waller) .... 49*6-52 

Reichert value 3‘0“3*4 

Polenske value 2*7 

Titre, °C 42-S-43-5 


The fat of the seeds of T. subcordata has been examined by J. Ostling 
(J.S.CJ.y 1914, 33, 147) who states that the seeds yield 55*7 per cent, of a 
fat consisting mostly of palmitin, stearin aild a smaller quantity of olein 
with some glycerides of volatile acids. He observed the following 
characteristics : 




Melting-point, 

45 

Solidifying-point, 

24-30 

Acid value . . . . r . 

39-6 

Saponification value . . . . ^ . 

201*5 

Iodine value 

39*9 

Reichert value 

3-3 

I’ilre, "C 

51*5 

Iodine value of acids 

42-5 


Malabar Tallow* 

Malabar tallow is obtained from the seeds of Valeria indicay L., a large 
evergreen tree growing in India and the East Indies, which is used in India 
as an edible fat. The fat which is free from odour and flavour has been 


Cl. Analyst, 1909, 34, 164. 
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Txaxnined by, among others, Crossley and Le Sueur 1898, 17, 

)9i), who found the following characteristics: 

Specific gravity, ioo°/ioo° .... 0'89o-o*89i 

Melting-point, °G 37 - 37*5 

Saponification value 188 *7-189 *3 

Iodine value 37 ’8-39 *6 

Reichert value . . * 0*2-0 *4 


Oils from the Myristicace^^e 

A number of plants belonging to the Natural Order Myristicace<e have 
seeds which contain notable proportions of oil. These oils, which are at 
present of no great commercial importance, are dealt with shortly below, 
under each individual plant. 

Nutmeg butter. — Nutmeg butter is obtained from the seeds of Myristica 
officinalis, the common nutmeg. The amount available is small and the 
fat is of no great importance, being used chiefly for medicinal purposes. 
The fat has been examined at some length by Power and Salway 
1908, 93, 1653), and the following charactcri^ics have been obser\*ed : 


Table CXXXV. — Characteristics of Nutmeg Butter 


Observer, | 

i 

Sap , 
Value. 

1 

I.V. 1 R.M. 


Titre. 

°C. 

M Pt. 
Acids. 
X. 

Dieterich . , j 42-51 

i 

i 

40*1- 1 . . 

52 1 

” 

. . 

•* 

Spaeth . . . } . . J 169*1- 

i : ^73 

1 1 

75-6-; 4-2 1 

80 -8 : 

i 

j 

i 

'* 

Other observers . . ; 43-50 | 15.^.- 

1 1 161 

48-85 2-1 ‘ 

1 *4662- 1 
1*4704 

1 

35-45 1 42-49 

i 

1 


The oil as expressed contains up to 10 per cent, of ethereal oil, so that 
the figures obtained on examination ^vill depend on the amount of this sub- 
stance present. The fat froiti Myristica argentea^ according to Lewkowitsch, 
contains no ethereal oil, but has the same characteristics as above; it is known 
as “ Papua nutmeg bfitter ” or “ Macassar nutmeg butter.” The fat from 
Myristicti malabarica differs considerable from these having M.Pt., 31®, 
saponification value, 189*4-191*4, iodine value, SO’*1'53*5> refractive 
index at^o®, 1*4580 to 1*4586 (Spaeth). 

Kombo Butter. — This fat is obtained from the seeds of M. angolensis 
which is known by various^ native names depending upon the district from 
which it is obtained. The seeds have been described by the Imperial 
Institute who state that they are of the size of a small, oval plum, weighing 
in the dry state about 4 grms. They are similar in appearance to nutmegs 
but contain no ethereal oil. The kernels yielded 54 per cent, of a hard fat 
to petroleum ether which had the following somewhat curious characteristics: 
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Table CXXXVL—Characteristics of Kombo Butter 



Crude Fat. 

Refined Fat. 

Specific gravity at qq°/i5° . 

00 

op 

6 


Acid value 

26-s 

nil. 

Saponification value . 

255-0 

183-0 

Iodine value 

65-4 

33-7 

Titre test 

37 

37-6 


An oil obtained from the seeds of M. canarica by Hooper wfiich was 
light-brown in colour and crystalline in nature had the following 
characteristics : 

Fat — 


Melting-point 37*5° 

SaponificatioA' value 215*02 

Iodine value 26*64 

Acid value 37 *08 

Fatty acids — 

Melting-point 41'^ 

Neutralisation value -i7*53 


Uaihuha Fat. — This fat is obtained from the seeds of M. bicuhyha 
(J. Woltf, J.S.C.L, 1922, 41, 2iA) which is apparently synonymous with 
Virola hicuhyba (Bolton and Hewer, Analyst^ i9i7> 42, 35). These latter 
authors state that the seeds alone seem to be indistinguishable either by 
appearance or analysis from those of Virola venczuelensis , Warb., known 
under the name “ Cuajo,” and equally so from those of Myristicia surina- 
mensis^ though the seeds of M. guatemalensis {Fatty Foods, p. 272) usually 
have a lower content of fat, which gives slightly different constants. 

Owing to the large variety of My^istied specie*', there is some confusion 
due to the overlapping of the Ijotanical names given to the same member 
by different botanists, and the line of demarcation is neither botanically 
nor analytically clear. M. malabarica^ however, may be distinguished by 
its long-shaped seeds, while M. canarica, also* found in Brazil, usually has 
a high content of resinous matter which is difficult to separate from the oil. 

All the above-named seeds have a more or less prdnounced arillus, which 
contains an essential oil, producing a characteristic odour. In the case of 
Ucuhuba seeds the proportion of ethereal oil is very small, and the fatty 
matter, if not too acid, may be refined to an almost odourless and neutral 
state, and a valuable fat thereby obtained. Acid and decomposed fats 
provide an excellent candle material on distillation. 

The fat is dark coloured when freshly pressed from the whole seed on 
account of the colouring matter contained in the shell which causes a charac- 
teristic blood-red colouration with sulphuric acid. The seeds weigh about 
i~3 grms. and consist of about 82 per cent, of kernel which contains some 
70 per cent, of oil. The following characteristics have been observed: 
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Table CXXXVII. — Characteristics of Ucohuba Fat 


*93 




Observer. 

- 

Sol. Pt. 
°C. 

Sap. 

Value. 

I.V. 

Acid 

Value. 

1 

Unsap. 
per cent. 

Bolton and Hew'er .... 

40-0 1 

220*3 

t i 

1 

35 

3-2 

Wolff 

1 224*0 1 

1 

12*7 1 

1 

307 

2-5 


The oils from Virola guatemalensis and V. venezuelensis have been 
examined by Grimme with the following results (y.S.C.I.y 1910, 29, 1318): 


Source. 

Yield.* 

M.Pl. 

°C. 


Acid 

Value. 

; 

Sap. 1 ^ 

Value. 

, 

M.Pt. 

Acids 

°C. 

I.V. 

Acids 

Uiisap. 
per cent. 

V. guatemalensis 

60 *7 

41-0 1 

i- 4 S 7 <^' j 

28*0 

244-0 , 13-8 1 

38-0 

15-6 

1*13 

V. venezuelensis ; 

1 

747 

47-0 j 

i' 45 H 

19*1 i 

j 

2ii *5 12*4 ' 

' 1 

43-0 

12*9 

0*86 

1 


Myristica Plafysperma.—ThQ oil of Mymtica platysperma. Spruce 
(synonym Osteophlcrum plaiyspermum, Warb.) was apparently first described 
by E. M. Jesson (J,S.C,L, 1915, 34, 499), who states that the tree is indigenous 
to N.W. Brazil, that the inner shell of the fniit is brittle and easily crushed 
and that the kernels of one sample contained 55-2 per cent, of a white crystal- 
line fat having very little odour. According to Bolton and Hewer {Analyst ^ 
1917, 42, 35) the seed has the characteristic structure of the Myristicacece 
and consists of 45 per cent, of shell and 55 per cent, of kernel. The kernel 
contains 59*3 per cent, of a pale crearny-white \cry hard and brittle fat 
which would command a higli price. The following characteristics have 
been observed : 

Table CXXXVIIT. — Examination of Oil from Myristica Platysperma 


A 


Observer. 

1 M.Pt. 
“C. 

Sol. PI < 
“C. 

Acad 

Value', 

I V. 

Sap. 

Value. 


Jesson ... 

.^3 

• 

: 39 

10*5 

~ - 

^■3 1 

240*2 

1*4501 

Bolton r#iid Hewer , 

• * 1 42*5 

i __ ' 

: 39-8 ; 

7 ’4 

.-0 j 

239-5 

1*4502 


Otaba Butter. — This faf is obtained from the spherical seeds of Myristica 
otaba^ a forest tree growin^;^ in the mountains of Columbia. The seeds have 
been examined at the Imperial Institute {Analyst ^ 1921, 46, 51) the report 
of which states that the seeds are about 2 cm. in diameter and consist of 
•30 per cent, shell and 70 per cent, kernel. The kernels yield 7-2 per cent. 


* Yield of oil from kernels. 



EDIBLE OILS AND FATS 


m 

of a colourless volatile oil on steam distillation, whilst the residue, after drying, 
yielded 67*3 per cent, of a fat having tht characteristics given in the table 
below. The fat has also been examined by Baughman, Jamieson and 
Brauns [Analyst, 1921, 46, 138), who found in the oil 9*3 per cent, of essential 
oil and 20*4 per cent, of other unsaponifiable matter. The fixed oil consisted 
of the glycerides of lauric, (15-1); myristic, (52*2); palmitic, (0*2); and 
oleic acids (3*9); and the unsaponifiable constituents, besides the essential 
oil, consisted of a viscous yellow mass ('£i-o per cent.) and of the isomeric 
otobite and iso-otobite, C20H20O4 (9*4 per cent, together). Otobite (M.Pt., 
i37°--i 38°), and iso-otobite (M.Pt. io6°-io8°) both give with concentrated 
sulphuric acid a pink colouration, which becomes very intense on standing 
and persists for days. Addition of several droj>s of concentrated sulphuric 
acid to glacial acetic acid solution of cither compound (phytosterol test) 
gradually produces a pink colouration, which turns somewhat purple after 
some hours and persists for some days. Attempts to obtain acetyl deriva- 
tives or to methylate the compounds with methyl sulphate were unsuccessful, 
whilst treatment with alcoholic potassium hydroxide solution and fusion 
with potassium hydroxide were without clfect. Otobite contains one 
methoxyl group in the molecule, but iso-otobite none. Both compounds 
form pentabromidcs, C2oH2n04Br5 (M.Pt. 190° and 191° respectively). 

The following characteristiVs have been observed : 

Table CXXXIX. — Characteristics of Otaba Butter 


( )bsrivcr 

M . Pt . 

' Ac icl 
' Value. 

i 

* Value. 

l.V. 

Tilre. 1 

X. 

,„ 40 . 

1 

Imperial Institute . ! 

37 '-'^ 

i6-S 

i 198-9 

20*1 ' 

1 

37'2 

. . 

Baughman, etc. , . , 

34-0 


; 185*0 

54-0 

1-4710 


Sawarri Fat 

According to Lcwkowitsch [J.S.C.L, i8go, 9, 844) sawarri fat (also 
known as Suari or Surahwa and imported under the name of bitter nuts) 
is contained in the seeds of Caryocar ^nilytostim, Willd., synonymous terms 
for which are C. tomentosum and C\ nudfvrum. 

The seeds contain 60 per cent, of fat w hich is excellent for edible purposes. 
The following characteristics w^re deterviined by Lew^kowatsch : 


Melting-]>oint, ... 

- ■ - 29-5-35 

Saponification value . 

• - • "199-5 

Iodine value 

• • • 49-5 

Reichert value 

. . . 0*7 

Titre, "C 

. . . .jb 

Melting-point of acids 

• • . • 4 h'' 3-'50 


The seeds of a Caryocar species, probably C. amygdaliferiim or C. hrasi-- 
liense, have been examined by Bolton and llewer [Analyst , 1917, 42, 44), 
who describe the seeds and their fat in the following w'ay: 

“ The seeds consist of a browm shell, smooth and shiny inside and raised 
into irregular protuberances all over the outside. This encloses an oily 
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kernel, white in colour and covered with a thin brown skin. The kernels 
are edible, and are described by Bbntley as ‘ probably the most agreeable 
of all the nut kind.* *’ 

The fat, which is a firm, brittle solid, is snow-white in colour, practically 
odourless, and with a very pleasant taste. It is an edible fat par excellence 
but, owing to the fact that it does not mould well, is unsuitable alone 
as a cacao butter substitute ; but if mixed with softer fats the difficulty might 
be overcome. Needless to say, it ^^ould serve, in admixture with suitable 
oils, as a margarine fat, lard substitute or baking fat. 

* The seeds weigh about 20 grms. and contain 23 per cent, of a kernel 
which contains 70 per cent, of oil. 

These authors observed the following characteristics: 


Melting-point, 

. 37*0 

Solidifying-point, 

28-6 

Saponification value 

i<)7-6 

Iodine value 

41-9 

Acid value 

0-2 



1 - 45^7 


Shea Butter f 

Shea butter (also known as kerite butter, although some writers state 
that there is a distinction between them, cf. Southcombe, J.S.C.L, 1909, 
28, 499), is obtained from the fruits of Buiyrospermifn parkii or Bassia parkii. 
This tree occurs in large quantities in West Africa and in the Soudan and is 
considered by the natives to be a valuable source of oil. The fruits consist 
of about one-third shell and two-thirds kernel, the percentage of fat in the 
kernel varying from about 40 to 55 or more. 

The oil contains a large proportion of stearic acid (34-37 per cent. 
Lewkowitsch, 30-35 per cent. Southcombe) and oleic acid (60 per cent. 
Southcombe), whilst much smaller quantities of lauric, etc., may be present. 
According to A. Hebert {J.S.C.l.^ 1911, 30, 496) the native method of 
separating the fat is t(j remove iJie bulk of the fruit pulp and to bury the 
residue in the earth, where a partial fermentation liberates the kernels from 
their envelopes. The kernels arc dried, first in the sun and then at a gentle 
heat over little stoves, after which they arc ground between stones to a paste, 
and the fat extracted by treat menUwith t)oiling water. This author’s experi- 
ments have shown that the yield of fat (23 to 25*4 per cent.) and its chemical 
and physical constants are practically tlie sadie, whether obtained from sun- 
dried or from roasted kernels. 

According to Berg and Angerhaus^n {Analyst^ I9i4> 39 » 44^) shea butter 
contains an unsaponifiablc substance which is not precipitated by digitonin 
and which has [a]„4 3S^ and this may be used a method of detection. 
This work is not supported by that of S. Kobayathi {J.S.C.L, 1922, 41, 
987A) wh?ch is described on page 280 under Bassia tallow. Further work 
along thes.^ lines is desirable. 

The rather large amount * of unsaponifiable matter contained in the oil 
(figures as high as 9 per cent, have been recorded) has been a somewhat 
serious objection to the use* of this oil, particularly for edible purposes, 
but in the latest methods of refining a portion of this can be removed, and a 
useful edible fat is now prepared on a fairly large scale from those seeds 
which originally contain a smaller amount. 

♦ Cf. J. Wolff {J.S.CJ,. 1922, 41, 2IA). 
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Table CXL.— Examination of Shea Butter 




Observer. 

SG. 

Ioo7I5^ 

M.Pt. 

X. 

Acid 

Value. 

Sap. 

Value 

I.V. !r.M. 

' ! ■ 

Acid 

Value 

n 

litre. 

X . 

Unsap. 

per 

cent. 

Southcombe . 


‘25- 


>74-3 

66- 1 .. 



•• 




27 


I77-I 

67-1 





)} 


27- 


173-9 

54-81 .. 



' 




30 


183-4 

57-5 ; 1 




» 

. . 

^29 


178-7 

C^ 

26-2 



-• 

Imperial 

^0-862 


i8-o 

179-0 

58-7! .. 



52 


Institute 

“0-869 


7-6 ■ 

181-5 

62-0 i 2-6 




6-3 

® Sprinkmeyer & 


43-4 

9-0 

' 1 

177-0 1 

54-41' '-4 


1-4647 


3-6 

Diedrichs 


45*2 

66-6 

1 

188-0 1 

60 -0 1 


1-4663 

1 

1 

10 -0 

Imperial 

"0-862 1 


\ 

1 

179-0 ! 

54’f> •• 



SI-8 

1-7 

Institute ^ 

1 



184-6 1 

58-0 1 



!53-2 


n 

’0-859 . . 


i8o-2 - 1 

55-8 ' • • 




4*3 


0-869 


1 

184-0 1 

62-9 1 


1 

1 


7-0 

Bolton & Revis . 

.. 

37 - 

Upwards 

i i8o-o 

57 -^U •• 


I -4629 ; 


5-0 



42 

of 4*0 

i 190-0 ! 

> i 

63 -0 , 

1 


1-4636 

i 

1 

9-0 


^ iTom Soudan. ^ From Nigeria. * Prepared by natives. * From 
Lagos. '' 13 samples. Prepared by natives. ’ Extracted in laboratory by 
petroleum ether. 


As in the case of coconut oil this mal^Tial is not infrequently divided 
into oleine and stcarine; the following table contains figures on these two 
products determined by Bolton and Revis: 

Table CXLE— Ciiail\(teiustk:s or Shea Nut “Stcarine” 

AND “ Ol.ElNr. ” 


Jistimntion 


M.Pt., incipient fusion, "C. . 
M.Pt., complete fusion, "C. 
Solidifying-point, 
Saponification value 
Ref. index at 40*^ (Zeiss buty 
Iodine value .... 
Free fatty acids . 
Unsaponifiable matter . 
Reichert-Meissl value 
Polenske value , , 


refrac.) 


i'vShra Nut J 

Shea Nut 


" Oleine.” 


40-0 
55 '5 j 


34*2 j 

24 -Qp 

^797 i 

iSi-6 

‘527 ; 

58-7 

'51-9 

62-3 

3*4 ' ; 

S- 89 '’{ 

6-25 

7-72/0 


2-60 


0-72 
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Various other species of Bassia and allied plants are used by the natives 
as sources of oil for edible and othet purposes and have, to a certain extent, 
become articles of commerce ; these are shortly described below : 

Adjah Fat . — This fat is obtained from the seeds of Mimusops njave or 
Djave^ which seems to be synonymous with Bassia toxisperma or Bassia 
djave, a tree found in West Africa which yields, like the other members of 
this family, gutta-percha. In the Gold Coast the nuts are known as Abeku, 
Bako or Mahogany nuts. The fat 4 s variously described as Njave, Djave, 
Noumgon or Adjab fat. The seeds were found by Freundlich {Analyst^ 
1908, 33, 330) to contain 4*5 per cent, of a volatile oil and 65 per cent, of a 
soft light-brown fat of the consistency of lard. This author suggests the 
following reaction as typical of the oil, but there would seem to be need of 
confirmation of this, particularly in the case of refined samples: “ When a 
solution pf the fat in hot alcoholic potassium hydroxide solution is mixed 
W 'th ammonia solution and cooled it yields a jelly-like mass which is readily 
nltered. On the addition of hydrochloric acid to the filtrate which contains 
the soluble potassium soaps the fatty acids separate, whilst the aqueous layer 
assumes a violet-pink colouration.** 

According to C. A. Mitchell the fat has not yet been used for edible 
purposes except by the natives, largely due to the fact that traces of hydro- 
cyanic acid are usually prcvSent, but which, ofitourse, arc readily removed. 
According to Fickendey the fresh seeds contain an extremely poisonous 
saponin which is either removed from the oil or retained in the pres 5 cakes. 

The nuts are similar in shape to shea nuts (usually weighing about 
15 grms.) and consist of about two-thirds kernel. The kernels contain 
some 60 per cent, of a white or yellowish- white solid fat. The following 
characteristics have been observed : 


Taule CXLII. — Characteristics of Adjab Fat 


C)]).server 

1 Sol, 
IM 
‘’C', 

1 

j Acid 1 Sap. 

1 \ a I lie. ! X'aliie, 

1 j 

I.V. 

K.M. 


1 1 In sap. 
per cent 

^Freundlich . .j 

28 

1 . 

13-8 ; iS2-5 

56-0 

0*7 

• • 4 ^^ 

i 2*2 

1 

Imperial Institute . ! 

■ ■ • 

1 25 - 3 ’i 87>6 

1 1 

56*2 

0*0 

■ • j 47-8 

2*6 

Fickendey . . . i 


1 i8-2 i88*6 

57-2 

0*8 

.. 146 

2*6 

Wagner and | 

Oestermann . . j 

1 


♦ 

i * ! 

! . . ! 186-7 

* 1 

56-2 

' 0*8 

• • 1 46-3 ; • • 

Bolton ayl Revis . 1 

21 

iS'S i 184-2 

1 ' 

65-1 


1-4605 ; 47-8 

3*9 

Wedenm^yer . ... 

38-1 j 185-3 

56-1 

1*2 1 

1*4607 44*1 

3*7 

^ Sprinkmeyer and 
Diedrichs . . 

i 

1 

39-3 

_i ( 

I 

129*0 1 182*8 

i 

59-0 

2-5 

“ - 

, 

I *4609 ; . . 

1 i 

7-4 


^ Analyst^ 1908, 33, 330. ^ Analyst^ 1909? 34» 164. ® Analyst^ 1912, 

37 * 349 - Polenske, 0-5. 
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The oil of Mimusops elengi has been studied by Rau and Simonsen 
{J.S.CJ,, 1922, 41, 902A), who found tiiat the seeds yielded 16 per cent, of 
an oil consisting of the glycerides of oleic, stearic and palmitic acids and of 
an unidentified saturated acid which was possibly bchenic acid. 

Katio Oil . — Ratio oil (also known as Katiau or Kachiau) is obtained 
from the seeds of Bassia Mottleyana^ C. B. Clarke. The seeds have been 
examined by Brooks (Analyst, 1909, 39, 207), the Imperial Institute (y.S.C.L, 
1913, 32, 201), and Bolton and Revis. ‘ The seeds weigh about one-third of 
a gnn. and consist of about one-third shell and two-thirds kernel, the latter 
containing 47 to 56 per cent, of fat. The fat is soft in texture and of a pale- 
yellow or greenish-yellow colour containing about 75 per cent, of oleine 
and 25 per cent, of stearine. 

“ Brooks describes the oil prepared by the Dyaks as having a pleasant 
odour of almonds, which neither the Imperial Institute nor Bolton j^nd Revis 
haye found to be true of oils which were extracted from the seeds in th^:, 
laboratory. The native-prepared Tat w-as, however, found to have a pro- 
nounced smell of almonds, and this was investigated by the Imperial Institute, 
who found no prussic acid, but proved the presence of benzaldchyde, which 
they suggest had been added for the purpose of flavouring or scenting the 
oil.” C; A. Mitchell. 

The characteristics givcA in the following table have been observed by 
the workers named : 


Table CXLIII.—Comparison of Adjab Fats 


Source. 

OL)serv(‘r. 

Brooks 

sa T ' "1 ' ' 

S G, ‘r',, * ' Ai id ’ Sap. 

.\ 3 ‘ iValiiiv Value. 

1 

0-917 j 14-0 j 1-8 ' 189*5 

; 

I.V. j 

R.A1. 

Til re. 
°C. 

Unsap, 
per cent. 

Prepared 

by 

natives 

. i r. 

63-2 1 1-4016 



0-41 

Imperial 

Institute 

! ’ ' 

• • i •• i 

6;-o 

0-6 

36-3! •• 

Bolton and 
Revis 

! , . ! 

0-917! 15-01 1*7 188*91 

1 

66-s| .. 

1 

i 

. . 1 . . 

1 


Extracted 

from 

seeds 

1 Imperial 

1 Institute 

; ; • ! • 

.. .. J77*9 191-0 

1 

65-0 .. 

1 

0*8 i 36*4 

1 

• * 

! Bolton and 

1 Revis 

1 

1 ' 

.. . i3-b, 192-1 

K)5-2 j 1*4609 

1 

.. i .. 

i 

. . 


Lamy Butter . — This fat is obtained from the fat of Pentadesma^utyracea, 
which occurs in West Africa. It is variously known as Lamy butter, Kanja 
butter, Kanga butter and Sierra Leone butter. The nuts have beerf examined 
at the Imperial Institute (Analyst, 1918, 43, 3£2) and it is stated that they 
are derived from a large tree generally known a® the “ butter or tallow tree,” 
but have been forwarded to this country under the name of “ shea butter 
seeds,” from which, however, they are quite distinct. The kernels are large, 
irregular, and dark reddish-brown, and when dried to contain 12*4 per cent, 
of moisture, yielded 36-6 per cent, of soft pale-yellow fat having a slight 
but agreeable odour. 
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Other observers have found that the seeds contain from 45-50 per cent, 
of fat. # 

The following characteristics have been observed by various workers : 


Table CXLIV.— Characteristics of Lamy Butter 


Observer. 

SO, 

looVis'*. 

M.Pt.i Acid 1 Sarf 1 y 

X. .Value j Value. , 

i ' ' 


R.M. 

M.Pt. 

Acids. 

Titre. 

X. 

Unsap 

per 

cent. 

‘ Grimme . . 


i ; ' 

42 1 26-4 1 197-0 ! 42-3 

1 1 1 

1-4563 


57 

54-5 

0-92 

* Hubert . . 

• 

* ’ 

32 ' i6*o ! 199*0 1 68*5 


0-3 

60 

•• ! 


® Infperial In- 
stitute . 

, 

o-8s7- 

0-859 

: ! j . 

33 1 3-1 i i86*o 1 41*8 

, 17-4 j 191*7 I 46*5 j 


0*0 


i 

1 

507 ■ 17 


^ Analyst, 1911, 36, 21. ^ J^S.C.L, i9ii,^;30, 497. ® Analyst, 1909, 
34, 164; 1914, 39. 134; 1918, 43, 352. 


A similar fat may be obtained from the seeds of Pentadesma kerstingii. 
This has been examined by Wagner, etc. (J.S.CJ., 1915, 34, 366), who found 
that the seeds contained 41*5 per cent, of a fat having the following constants : 


Melting-point, ""C 3^-39 

Acid value 12*4 

Saponification value 192 

Iodine value 45 9 

Reichert value 0*2 

Polenske value 0-4 

1*4562 

Unsaponiliable matter, per cent. . . 0-6 


Stillingia Tallow 

Stillingia tallow coats the seeds of the tree Stillingia sebifera, which is a 
native of China and which is cultivated there and in India. Various other 
plants are also used as sources of a similar product which is known generally 
as Chinese vegetable tallow. »Thc fat is produced either from the whole 
seed when the tallow is obtained mixed with the oil (Stillingia oil, see page 184) 
or the tallow and oil are obtained separately. Wnen the former method is 
used and the whole seed is crushed, a considerably softer fat than the true 
tallow is oDtained. In the case of the latter method the seeds may be passed 
between rcSlers which break off the outer coating of fat without crushing the 
seed or, alternatively, they ar? heated with steam in perforated cylinders or 
trays when the fat melts, runs, off and is collected. The fat is exported from 
China (as the fat and not as the seeds) in moderately large quantities and is 
used chiefly in the manufacture of soap and candles. It is not impossible 
to use the oil as an edible oil when suitably purified but it soon deteriorates, 
becoming bitter in taste and disagreeable in odour. It has a somewhat 
peculiar property of expanding with great force at the congelation-point. 
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The composition of the fat has not been determined with certainty, 
but it would appear from the work o? Maskelyne, Hehner and Mitchell, 
and Kliment that the bulk of the fatty acids consists of palmitic and oleic. 
In Kliment’s opinion the fat itself consists principally of oleodipalmitin. 
The constants obtained for this fat by various observers are contained in 
the following the table: 


Table CXLV.—Examinauun of Stillingia Tallow 


Observer. 

M.Pt. jSol.Pt Sap. i , i ,, „ 

»C. 1 »C. ,Va 4 .’ 

„4o Acid 

” • lvalue. 

Pol. 

Unsap. 
per cent. 

Titr 

“C. 

Lewkowitsch . 

43- ' 24- i 199- 32- 107 
46 26 : 204 . 38 

iH 54 (> I -• 

1 

t 

•• 

•• 

* Sprinkmeyer and 
Diedrichs . 

41- 3 i 267 200-9 39-5 ; 0-2 - 

42- 5 ! 27-5 ■ 202-4 ; 40‘5 ; ' 

i‘ 457 °- i 0-6- 1 0-5- 
i'4574 0-9 I0-6 

0-30 

0-49 


2 Diedrichs . 

« 

'"A’" ' ' 

. . . . 206 29*8 0*9 j 

1-4556 7-0 



56 


1 Analyst, 1912, 37, 349; cf. ihuL, 1896, 21. 328. - J.S.CJ., 1914, 

33, 1098; cf. ibid., 1897, 16, 339. 


Tucan Oil 

This oil is obtained from the fibrous pulp of Astrocaryum vulgare, Mart., 
a plant distantly allied to the African oil palm. The palm which grows to 
a height of 30 to 50 feet is found in large quantities in Central America. 
The fruit weighs from 15 to 20 grms. and consists of pulp 30, shell, 50 
kernels, 20. The kernels weigh about 3*5 grms. and measure 18-25 
length and 13-18 mm. in diameter. The pulp contains about 35 per cent, 
of oil and the kernel about 45 per cent. The kernel oil is described on page 
353. The oil is similar to palm oil and is prepared in a like manner. The 
following characteristics have been observed : 


Table CXLVI.—Chaiucteristics of Tucan Oil 


Obbem-r. :s(;. 15 “.; 

1 ! 

; i.v. 

_#» 

' 1 


jXitrc. 1 Unsap. 

I il’ercent. 

1 

i 

Bontoux . . . . 0-910 1 197 

75 - 7 (> 



1 

^ Bolton and Hewer.! . . j 222-2 

1 i 

1 1 

46-4 

:!35 I 

1-4610 

i -- ■ 075 

i i 


' Analyst, 1917, 42, 35. 



CHAPTER XXI 

CACAO BUTTER 

Source. — Cacao butter is obtained from cacao beans, a portion of the fruit 
of the “ cocoa ” tree Theobroma cacao ^ L. This tree, and the products 
derived therefrom, has been described at length by various authors, details 
of which are given below on page 303 ; the present writer is indebted to Mr 
A. W. Knapp for permission to use some of the information contained in 
his book, Cocoa and Chocolate : Their History from Plantation to Consumer, 
For further details this most interesting work should be consulted. 

According to Knapp the original habitat of the cacao tree was in the 
country watered by the Amazon and the Orinoco. The plant was brought 
to Europe by Columbus and others of the early explorers. 'J'he cultivation 
of the tree was carried out by the American Indians, who caused it to be spread 
over the whole tropical belt of the American continent and cultivated it as 
far north as Mexico. Cacao was planted by the Spaniards in Trinidad in 
1525, in 1834 taken to Ceylon. In iStJo some cacao beans were 

taken to the Gold Coast, in 1891 the first bag of cacao weighing 80 pounds 
was exported, whilst in 1915 the amount had increased to 120 million pounds. 
The tree can only grow at tropical temperatures, and when shielded from the 
wind and unimpaired by drought. The ideal spot is the secluded vale, 
and whilst in Venezuela there arc plantations up to 2000 feet above sea-level, 
it cannot generally be profitably cultivated above 1000 feet. The cacao 
tree is not unlike the usual type wJiicIi grow^*? in the temperate zone. It is 
usually about twenty feet in height when fully grown and begins to bear 
in its fourth or fifth year. 'I'he leaves, which cover the tree the whole year 
round, are about a foot in length and four inches in breadth. The flowers, 
which always grow alongside the iuIIy-develo})ed fruits, are small, being not 
more than half an inch in diameter at their widest part when fully developed. 
The fruit, which is connected directly to the trunk on a short thick stalk, 
may be anything in shape from* a melon to a stumpy, irregular cucumber, 
according to the botanic \:uiety. I'he intermediate shape is like a lemon, 
with furrows from end to end. The pod is covered with a thick, almost 
woody rind and contuiiis tltirty to* forty* beans covered with juicy pulp. 

When the pods arc quite ripe they are harvested by removal with sharp 
cutlasses or by means of a hook-knife fixed to the end of a long pole. The 
pods are cut open w'ith some sharp instrument by hand and the beans arc 
removed. These beans arc tlien moist and full of juice —in order to render 
them fit for travel a ^wocess of fermentaiion is necessary. I'he nature 
and amount of this fermentation varies with the different varieties of cacao, 
but in general the beans are stacked in heaps or placed in boxes, covered to 
conserve tlie heat produced during fermentation and left to ferment, but are 
well mixed from time to time to produce a uniform product. ' (Cf. F. Hardy, 
J.S.C.Lj 1925, 44, 305'!'.)* When fermentation is complete, which is 
judged by the appearance, th« beans * are dried, care being taken that they 
become sufficiently dry to prevent the formation of mould without making 
the husks so brittle that they will become broken in transit. In Venezuela 
aitd formerly in Trinidad t the beans are covered with earth or clay which 

* Washing to remove pul]) is practised 111 Ceylon and Java, 

I Claying is now forbidden in Tiinidad. 
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usually has a deep red colour — this is considered to be objectionable, it 
serves no useful purpose and may easily degenerate into adulteration. 

Table CXLVIL — Comparison of Cacao Beans 


Kind. 

Average Weight of 
one Bean. 

Number of Beans 
to the pound. 

Grenada . 

1*0 grm. 

45° 

Para .... 

I-O „ 

450 

Bahia .... 

II .. 

410 

Accra .... 

1-2 

380 

Trinidad . 

1-2 „ 

380 

Cameroons 

1-2 „ 

380 

Ceylon . . . j 

1*2 „ 

380 

Caracas ... I 

1*3 M 

350 

Machala . . . i 

1*4 n 

330 

Arriba . . . . j 

1*5 n 

300 

Carupano . . . . 

1*6 „ 

280 


The beans on arrival in £urope arc sorted and cleaned in the usual way 
and then roasted in order to develop the characteristic aroma. “ After 
roasting, the shell is brittle and has been quite freed from the cotyledons or 
kernel. The kernel has become glossy and friable and chocolate-brown in 
colour, and it crushes readily between the fingers into small angular fragments 
(the ‘ nibs * of commerce), giving off during the breaking down a rich warm 
odour of chocolate. 7’he roasted beans are then broken and the husk and 
germ removed, after which the nib is ground to an impalpable paste, which 
on cooling sets to a hard brown mass. 

“ This ‘ mass ’ may be used for the production of either ‘ cocoa * or 
chocolate. When part of the fat (cacao butter) is taken away the residue 
may be made to yield cocoa. When sugar and cacao butter are added it 
yields eating chotolate. Tlius the two industries are seen to be inter- 
dependent, the cacao butter which is pressed out of the mass in the manu- 
facture of cocoa being used up in the production of chocolate.*’ The cacao 
butter is removed by expression in some type of oil press. “ The liquefied 

Table CXLVITI.— Effect of Roasting on Cacao Beans 



i Cirenadu ik'an 

Trinidad Bean 


1 (with 

shell) 

(without shell). 

Constituents. 

-- ■ 

... 




J\a\v 

Boast. 

Kaw. 

Roast. 

Moisture 

6*32 

3-10 

6*67 

4-45 

Fat 

46-50 

46*96 

54-60 

55-70 

Nitrogen 

1*96 

1*86 

2*28 

2*32 

Fibre 

3-60 

3*90 

2-45 

2*48 

Total ash 

2-86 

3*12 

2-87 

273 

Siliceous matter 1 

0*10 

0*12 

0-03 

o*o8 

Soluble ash 

I *26 1 

' 1*44 

0-94 

0*95 

Alkalinity as KgO ! 

' 0-6S ; 

0*75 

0-42 

0-43. 

Cold-w^ater extract 

13*50 1 

12*90 

12-73 

12*00 
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cacao bean put into the pot8 contains 45-55 per cent, of butter, whilst the 
* cocoa * press cake taken out usual^ contains only 25-30 per cent.^* 

Table CLXVIII, due to Booth, Cribb and Richards {Analyst^ ^ 9 ^ 9 i 
34* 134)1 shows the differences in the composition of cacao bean which are 
produced on roasting. 

Examination of Cacao Preparations, — The complete description of the 
ordinary methods of examination lies outside the scope of this work but 
reference may be made for this purpose to the following papers: 

“ The Amount of Cacao Butter Contained in the Cacao Bean.** 
Davies and M‘Lellen. J.S.CJ.y 1904, 23, 480. 

“ The Determination of Fat in Cocoa and Chocolate.** A. Kreutz. 
Analyst, 1908, 33, 320; 1909, 34, 19. 

“ The Detection of Added Alkali in Cocoa.** K. Farnsteiner. 
Analyst, 1909, 34, 52. 

“ The Quantity of Fat in Commercial Cocoas.’* A. Beythien. 
Analyst, 1909, 34, 52. 

“ The Composition and Methods of Analysis of Chocolate.** Booth, 
Cribb and Richards. Analyst, 1909, 34, 134. 

“ The Theobromine Content of Cocoa and Cacao Beans.” A. 
Kreutz. Analyst, 1909, 34, 20, 319. 

“ Method of Determination of Oxali(^ Acid in Cocoa.” J. M. 
Albahary. Analyst, 1909, 34, 396. 

” The Analysis of Milk or Cream Chocolate.” Baier and Neumann. 
Analyst, 1909, 34, 439. 

” The Determination of Xanthin Bases in Cocoa.” A. Prochnow. 
Analyst, 1910, 35, 125. 

“ Estimation of Cacao Husks in Cocoa.” C. Ulrich. Analyst, 
1912, 37, 52. 

“ Determination of Fat in Cocoa.” 0 . Richter. Analyst, 1912, 
37. 495 * 

” The Essential Oil of Cacao.” Bainbridge and Davies. J.C.S., 

1912, loi, 2209. 

“ Detection and Determination of Xanthin Bases in Cacao, etc. 
Camilla and Pertusi. Analyst, 1913, 38, 60. 

“ The Presence of Copper in Cacao.” C. Formenti. Analyst, 

1913, 38, H5, 

“ Report on Cacao and Cacao Products.” W. L. Dubois. Analyst, 
1914, 39, 123. • * * 

” The Composition of Cacao Seeds and ‘ Stabilised * Cacao.” 
L. Reutter. Analyst, 1914, 39, 171, 434. 

“ The Composition of the Radicles of Cacao Beans.” E. P. Haussler. 
Analyst, 1914, 39, 308. * 

“ The Determination of Starch in Cacao bv Means of Taka-Diastase.’* 
Analyst, T915, 40, ^29. 

** Note on the Determination of Theobromine.” Radford and 
Brewer. Analyst, 1917, 42, 274. 

” The Application of Science to Cacao Production.’’ A. W. Knapp. 
J,S.C.L, Rev., 1918, 37,*468. 

” The Separation and Uses of Cacao Shell.” A. W. Knapp. 
J,S,CJ., 1918, 37, 240T. 

” The Estimation of Cacao Shell.” A. W. Knapp and B. G. 
M*Lellan. Analyst, 1919, 44, 2. 

“ Analyses of ‘ Cocoa Teas.* ” Baker and Hulton. Analyst, 1918, 

43. 189. 
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“ The Estimation of Shell in Cacao and Cacao Products.” Baker 
and Hulton. Analyst^ 1918, 43^ 197^ 

“ The Determination of Theobromine in Cacao and its Products.” 
R. V. Wadsworth. Analyst, 1920, 45, 133; 1921, 46, 32; 1922, 47, 
152. Cf. G. Cappelli, J,S,CJ., 1924, 885B. 

“ The Setting of Cacao Butter, with Special Reference to the Develop- 
ment of ‘ Bloom ’ in Chocolate.” J.S.CJ.j 1925, 44, 77T. 

“ The Composition of Cacao G^rms.” F. Hartel. J.S.CJ., 1924, 
43 * 6570- 

“ The Determination of Fat in Cacao Products.” L. Feldstein. 
y,S.C.L, 1924, 43, 885B. 

“ The Examination of Cacao.” J.S.C.L, 1924, 43, 1026B. 

Properties of Cacao Butter . — Cacao butter as freshly obtained is a pale 
yellow, brittle, wax-like solid which melts at about 33° to an amber-coloured 
liquid. It possesses strongly the. characteristic odour of cacao which is 
very persistent; the taste is bland and agreeable. It is possible to bleach 
and deodorise the substance until the product is without colour and odour, 
but this is only occasionally done for pharmaceutical purposes in cases where 
the natural odour is objectionable. The substance possesses excellent 
keeping qualities, so much s% that they have become almost legendary, thus 
“ when pure, it has the peculiar property of not becoming rancid, however 
long it may be kept.” W. 11 . Johnson. Cacao butter will, however, become 
rancid like any other fat if kept under conditions favourable to such a change 
(Lewkowitsch, 1899, 557 )- When exposed to light the yellow 

colour disappears somewhat quickly and the substance becomes quite white. 
The great value of cacao butter for pharmaceutical purposes is that, although 
hard and brittle at ordinary temperatures, it melts at lower than body 
temperature. 

The occurrence of a considerable growth of mould in the centre of cacao 
butter has been observed by Batten and Bywaters {J.S.C.L, IQ18, 37, 242T) 
in a case where a small amount of water was present. The following remarks 
of J. Allan (J.S.C.L, 1918, 37, 243T) arc of interest and importance in this 
connection: “ There was one point in connection with the storage of fats 
which accentuated the difficulties arising from the presence in ffiem even 
of very small quantities of water. It was well known that the fats which 
were solid at ordinary temperatures had a great tendency during solidifica- 
tion, particularly if it were prolonged, t^> develop a condition which was 
known as ‘ seed,' i.e., the mass became more of less granulated. Usually 
in solidification of fat under these conditions, the portion which solidified 
first possessed little or no structure; the granular structure, which was 
generally in the centre, was almost akixi to cryrtallisation. At the same time 
the water in the fat tended to pass towards the centre of the mass, resulting 
in a higher percentage of water in that part. Consequently the mere estima- 
tion of the original water content of the fat was not a safeguard against such 
conditions as had been put forward in the paper. If it was intend^ d to store 
fats of this kind for any length of time, care should be taken to i avoid this 
granulated structure. It was not infrequent to find it in parcels of high- 
grade tallow arriving from Australia or America, even though care had been 
taken during cooling and packing to get them as nearly as possible homo- 
geneous in texture, and red, green and black moulds were often found in 
the centre of the packages.” 

During the European War, 1914-1918, the manufacture of chocolates 
was greatly restricted in this country so that large quantities of cacao butter 
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were act free on the market. On account of the shortage of edible fats of 
all kinds many attempts were mad^ and in some cases with no little success, 
to use the cacao butter, which was then sold at a -comparatively low price, 
for culinary purposes. The dietetic qualities of the fat have been studied 
by Gardner and Fox {J.S.CJ.y 1920, 39, 277A), who found that it is rather 
less digestible than butter and that beyond a slight laxative action no un- 
desirable physiological effects were obser\^ed to follow the administration of 
considerable quantities of the fat. • 

Composition , — Cacao butter consists largely of the glycerides of stearic 
and oleic acids with smaller quantities of other solid and liquid acids. 
Various investigations have been made into the composition of this substance, 
the earliest of which appears to be that of Kingzett {J.C.S.y 1878, 33, 38), 
but the first really complete statement is that due to Knapp 1923, 

42, 508A) who found the fat to consist of the glycerides of stearic acid 
(40 per tfent.), oleic acid (31 per cent.), of linolic, lauric and myristic acids 
in small amounts and of capric, caproic, butyric, acetic and formic acids in 
traces. With regard to the presence of the latter acids it should be noted 
that the Reichert value is low (usually i-o or less and frequently below 0-5) so 
that if all of these acids are actually present they can only be so in extremely 
small amounts. The subject has been reinvestigated by Morgan and Bowen 
(J.S.C.I.f 1924, 43, 346T) who were unable to isolate any acid higher than 
stearic acid, from which it will be seen that the composition is by no means 
definitely settled and that more work on the subject is desirable. ** 

The unsaponifiable matter has been investigated by Matthes and Rohdich 
[Analyst, 1908, 33, 93). These authors failed to isolate any constituent to 
which the peculiar flavour of the cacao could be attributed. The unsaponi- 
fiable matter from this quantity of fat amounted to 28 grms., consisting of 
a pleasant-smelling oil with an odour of hyacinth and 22 grms. of “ crude 
phytosterol.” From the latter were isolated a hydrocarbon, C30H48, identical 
with amyriline, a phytosterol which combines with 2 atoms of bromine by 
addition, identical with the stigrnasterol prepared from Calabar beans by 
Windaus, and a phytosterol which combines with i atom of bromine, 
identical with the sitosterol of Calabar beans. This phytosterol possessed 
the properties of the “ ordinary ” phytosterol, which forms the unsaponi- 
fiable residue of most vegetable fats. 

An extended investigation into the glycerides present has been under- 
taken by Ambergcr and Bauch [Analyst, 1925, 50, 77). I’hese authors have 
showm it to consist of the glycerides of oleic, stearic and palmitic acids, the 
acids being present in the following proportions : Oleic acid, 43-45 per cent. ; 
palmitic acid, 23-25 per cent.; and stearic acid, 31-33 per cent.; no acids 
of higher molecular weight could be detected. 'Fhe following proportions 
of glycerides were found: T»stearin,*o*02; j 9 -palmito-a-a-distcarin, 0*03; 
oleo-a-j8-distearin, 24-92; oIeo-j8-palmito-stearin, 20-29; and a-palmito-* 
a-/8-diolein, 54*74 per cent. A sample of the iat wJiich had been hydro- 
genated in the presence of palladium had an iodinr value of 5-9 and M.Pt., 
60-5 C., £|id contained 77 per cent, of palmitic acid with 22*7 per cent, 
of stearic ’acid, and the separated glycerides consisted pf tristearin, 25; 
j8-palmito-a-a-distcarin, 20; and a-palmito-a-/ 3 -distearin, 55 per cent. 

The Characteristics of Ca^ao Butter , — Cacao butter is apparently very 
uniform in composition so that samples from diiferent sources yield charac- 
teristics which do not vary greatly among themselves. As in the case of 
nearly all fats many of the older de^^erminations are, for many reasons, 
unreliable, so that they arc not reproduced here; one of the reasons for this 
is that the methods of manufacture having become standardised, the product 
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is now of a more uniform composition than it was years ago. Knapp {Cocoa 
and Chocolate, page 159; J,S,CJ,, 1923 A42, S08A) finds that the acid value 
of commercial samples varies from i to 4 — the average figure is about i to 
1*5. The unsaponifiable matter varies from 0*3 to 0*8 per cent., and the 
ash 0*02 to 0*05 per cent. The following may be taken as average charac- 
teristics (largely according to Knapp, loc, cit,) : 


Specific gravity j’**' 15/15 . . . 0*990-998 

Melting-point 32 --34 t 

Titre 49-50 

Iodine value 34-40 

Saponification value .... 192-198 

Reichert value i -o 

Polenske value 0'5 

Kirschner value 0*5 

w*® 1*4565-1*4570 

M.Pt. fatty acids . ’ . . . . 48*5-50*0 


C. Ulrich {Analyst, 1912, 37, 52) found that the iodine value of the fat 
of roasted beans ranged from 32*2-35*6 (mean 34*1), whilst in that of the 
unroasted beans the limits w<ire 34*7-36*5 (mean 35*5). W. Vaubel {J,S,C.L, 
1924, 43, B524) has stated that the characteristics change considerably 
during the course of manufacture. Thus in one case the crude fat extracted 
from the raw beans had saponification value, 229*7; iodine value, 48*2 
and M.Pt. of fatty acids, 45-49, whilst that in the manufactured had saponi- 
fication value, 190 and iodine value, 43*8. This author suggests that the 
commonly accepted extremes for the characteristics of pure cacao butter 
should be extended, but this would not appear necessary as, apart from the 
fact that these figures have apj)arcntly been obtained on quite a few samples, 
cacao butter from raw beans is not a commercial substance. It may be 
useful, however, to bear this point in mind in the case of apparently adulterated 
samples. The fat from alkaliscd ** cocoa has the same melting-point and 
iodine value as normal cacao butter (Strube, Analyst, 1908, 33, 188), 

Cacao Husk Fat. —The fat extracted from the husks differs considerably 
from true cacao bultei. The husks contain about 4 per cent, of fat having 
the following characteristics when extracted with ether (Galanos, 

1924, 43, B1019): 


Saponification value * . . .? 180 

Iodine value .* 39 

Reichert value 8*2 

Polenske value 0*4 

w*" 1-4633 


Prochnov and Velmans found that the iodine value of the husk fat was 
43*2 to 46*2, but C. Ulrich {Analyst, 1912, 37, 52) does not confirm this, 
and finds indeed the fat in the unroasted husks to have iodine \alue 36 to 
38, whilst that from the roasted shells has the value 34*8 to 37*9 (mean 36*3). 

Detection of Adulteration , — Cacao butter being a valuable fat is liable to 
adulteration and substitution. One of the Commonest substitutes (such 

* 0*883 at 60/1 s*5 (Tate and Poolcy) ; 0*858 at 99/15*5 ; 0 973 at 25/25. 

t Mostly S2’5®~3V5''. H Fiucke (/ 5 .C.J., 1925, 44, B. 640, B. 813). Cf. 
T. Sabalitschka ( 7 .. 8 .C. 7 ., 1926, 45, 20 15 ). 

Knapp considers that these figures must be accepted with extreme reserve ; 
they are entirely outside his experience. 
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substitutes are sometimes known as “ Chocolate fats ** but this name would 
appear to be most undesirable. Chocolate fat substitute ” or “ Cacao 
butter substitute would appear to be unobjectionable) is coconut oil, or 
coconut stearine or substitutes of the same class (J.S.CJ., 1902, 21, 55. 
Analyst^ 1908, 33, 123). The detection of these present no difficulty, as a 
determination of the Reichert and Polenske values will at once show their 
presence (cf., also Strube, Analyst^ 1908, 33, 188, 10; Wauters, Analyst^ 
1911,36,275). Other substances that have been used are tallow, lard, 
stearic acid, beeswax, hard paraffin and other vegetable oils. A likely 
substance is the kernel oil obtained from a species of Astrocaryum which is 
described on page 354 (cf. Bolton and Hewer, Analyst^ I9i7> 42, 35). 
Liquid vegetable oils would be readily recognised by the increase in the 
iodine value; solid vegetable fats will be dealt with below. Beeswax and 
hard pataffin (unlikely additions at the present time) would be indicated by 
a low saponification value and a large amount of unsaponifiable matter, 
the former will increase the acid value of the sample as also will the addition 
of stearic acid. The hydrogenated oils may be used but this requires some 
care (cf. Myddleton and Barry, page 153). 

The presence of tallow may be delected by the method of Bjorklund 
W’hich is carried out as follows : # 

Three grm. of the fat are shaken in a well-corked test-tube with twice their 
weight of ether at 18°. If wax be present, the solution will be turbichand will 
not become clear even on warming. Genuine cacao butter will dissolve to 
a clear solution. If a clear solution is obtained, the tube is immersed in 
water at 0°, and the number of minutes noted which elapse before the liquid 
becomes turbid, also the temperature at which the solution again becomes 
clear on warming. The following are Bjorklund *s observations: 

Table CXLIX. — Bjorklund ’ s Test for Tallow in Cacao Butter 


Pure cacao butter 

Cacao butter, 5 per cent, lieef talfbvv .* 
Cacao butter, 10 per cent, beef tallow . 



Turbidity at 0° 

Clear Solution 


alter Minutes. 

at degrees. 


10-15 

19-20 

* j 

8 

22 

1 

- • i 

i 7 

1 

25 


Lewkowitsch {J.S.C.L, 1899, 18, 557) found that cacao butter containing 
as much as 10 per cept. of tallow will dissolv: in 2 parts of ether at 18, 
although requiring a little longer than the genuin" butter does, and that the 
chief indication to be relied upon is not so much the time required for 
crystallisAion to begin, as this varies with different samples of cacao butter, 
but the characteristic way in which genuine cacao butter crystallises as com- 
pared with adulterated sambles. With genuine samples, distinct tufts of 
crystals appear at the bottom and sides of the tube, whereas 5 per cent, 
and more of tallow are recognised by flocks separating from the chilled 
solution. 

• The presence of tallow may possibly be confirmed by the isolation of 
cholesterol from the unsaponifiable matter which remark will also apply to 
lard (the latter will probably raise the iodine value unless lard stearine be 



EDIBLE OILS AND FATS 


308 

used when the ether crystallisation metjiod may be useful) but the recent 
work of Steuart (see page 127) must not be overlooked in this direction; 
further work on the subject is necessary. 

The presence of many of the solid vegetable fats (frequently sold as 
“ green butters,” page 282) is sometimes a difficulty. The most common 
additions are Bassia tallow (see page 278) and Borneo tallow (page 282). 
The former is distinguished from cacso butter by the considerably higher 
iodine value, but the properties of the latter are so similar to those of cacao 
butter that at one time it was (and may be now) impossible to detect quite 
large admixtures. 

The question of the addition of Borneo tallow (frequently but erroneously 
called lllipe butter) has been studied at length by Tate and Pooley {Analyst ^ 
1921, 46, 229). These authors, although realising that any one characteristic 
taken by itself is of no value for the detection of admixture, suggested that 
a series of suitable constants, determined in a standard manner should be 
multiplied together so that the differences due to the two oils should thereby 
be intensified. The characteristics used for the purpose were the gravity 
at 60°, the gravity at 99°, the viscosity, the melting-point, the melting-point 
of the free fatty acids and the reciprocal of the iodine value. 

These factors were obsdived for 14 samples of commercial cacao butter 
and for 16 samples of Borneo tallow (lllipe butter) with results as given in 
the follbwing table : 

Table CL. — Comparison of Cacao Butter with Illipi^ Butter 


Specific gravity at 60° 

„ 99° 

Viscosity .... 
Melting-point, '’C. . 

Iodine value . 

Fatty acids, M.Pt., ‘'C. 
Refraction, . 


Cacao I'jQttcr. 

11 Hulter. 

j Max. 

Mill. 

Aveiage. 

Max. 

Mm. 

Average. 

0-8830 

0-8823 

GC 

CC 

b 

0-8840 

0-8820 

0-8826 

0-8581 

0-8572 

0-8575 

0-8589 

0-8569 

0-8577 

IOI-3 

99 -o 

99-9 

105-7 

100-7 

103-7 

31-2 

30-2 

30-5 

35-8 

31-0 

33-2 

40-1 

34-^> 

' 39-8 

33-4 

27-4 

31-S 

49-2 

47*7 

49 '4 

54-1 

52-0 

52-8 

1-4570 1 

1 

1-4568^ 

1-4569 

• 

1-4573 

1-4561 

1-4568 


When these results are multiplied out in the suggested manner the 
following results are obtained : » , 

Cacao butter: 3347, 3266, 3252, 5194, 3191, 3169, 3149, 3130, 3123, 
2972, 2839. 

lllipe butter: 4771, 4714, 4652, 4535, 4503, 4487, 4463, 4397, 4279, 
4112,3901,3890. t 

If the average of these two series be obtained it is found that cicao butter 
gives a value of 3150, whilst Borneo tallow gives 4403. The authors give 
a table showing that they have obtained excellent results by this method, 
but at present no great support has been given to it by other workers ; 
further work is desirable. 

Tate and Pooley also suggested a “ short factor ” which consisted of the 
melting-point of the fatty acids and the reciprocal of the iodine value whence 
they obtained 4166 for cacao butter and 5615 for Borneo tallow; they 
recommend, however, the “ long factor ” wherever possible. 
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A test for differentiating bet\yfen cacao butter and ** green butter ” has 
been devised by Halphen {Analyst, 1908, 33, 468) which may be carried 
out as follows: 

One grm. of the absolutely clear filtered fat is dissolved in 2 c.c. of carbon 
tetrachloride; to 2 c.c. of this mixture is added a solution of bromine in 
carbon tetrachloride (made by adding bromine to an equal volume of carbon 
tetrachloride) drop by drop until the colour of the bromine is just permanent; 
to the mixture are added 3 c.c. of* petroleum (sp. gr., 0*700), and the tube 
stoppered and allowed to stand twenty-four hours at ordinary room tem- 
perature. Under these circumstances a solution of cacao butter remains 
perfectly clear whilst “ green butters ” give a flocculent precipitate which 
will detect 5 per cent, of “ green butter.’* 

This test was studied by Revis and Bolton {Analyst, 1913, 38, 201), 
who found that it was not satisfactory as several “ green butters ” gave 
practically no precipitate at all. They were able to modify the test so that 
it became a test for cacao butter the presence of 10 per cent., of which in 
“ green butter ” could be detected. They carry out their test as follows : 

One grm. of the clear filtered fat is dissolved in 2 c.c. of a mixture of 
equal parts of carbon tetrachloride and pety)leum ether (distilling below 
40^^), and 2 c.c. of this solution are placed in a test-tube about 6 inches long 
and J inch in diameter. This tube is cooled in water, and the splution of 
bromine in carbon tetrachloride (see above) added drop by drop, with con- 
stant shaking, until the colour of the bromine is permanent. The greatest 
care must be taken that only one drop in excess is allowed. The tube is 
then corked and allowed to stand. If, after the expiration of fifteen minutes, 
the solution is perfectly clear, cacao butter is not present, or there is less 
than 10 per cent. If the solution shows any turbidity, the presence of cacao 
butter is indicated, except in the case of one — somewhat rare — cacao butter 
substitute obtained from a species of Gutta nut. This one exception, how- 
ever, does not give quite the same turbidity as cacao butter, and can easily 
be distinguished as described below. 

The method can be made roughly quantitative by making mixtures of 
cacao butter and some solid fat of low iodine value (such as coconut oil 
or coconut “ stearine ” if an* actual “ green butter ’’ is not to hand), and 
comparing the turbidities produced by these mixtures and the sample under 
examination. 

After the turbidity Aas been compared, 2 c.c. of petroleum ether are 
added to the tubes, which, after mixing by inversion, are allowed to stand 
all night, when the cacao butter turbidity settles out as a fine canary-coloured 
precipitate, easily distinguished fropa the slight flocculent precipitate which 
green butters ” under these circumstances usually throw down. It is to 
be also noted that cacao butter is completely soluble in the carbon tetra- 
chloride-petroleum-ether mixture in the strength given above, whereas 
“ green butters ” usually become turbid almost immediately, and on standing 
for twe hours usually throw down a considerable precipitate. Care must 
therefore be taken that the solution used for the test is ejuite clear. 

The fat mentioned abeve, which might possibly be mistaken for cacao 
butter, may be distinguished from true cacao butter as follows : The solution 
of the fat, after treatment with the bromine, is allowed to stand for fifteen 
minutes, and the turbidity is then carefully examined by transmitted light. 
The turbidity due to cacao butter is absolutely non-fiocculent, and any 
appearance of flocculent particles is characteristic of this other fat. If 
now to the brominated solution are added 2 c.c. of petroleum (fraction of 
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motor spirit distilling between 90® and 100° C.) and the whole mixed, any 
turbidity due to cacao butter entirely dissolves, whilst the turbidity due 
to this other fat remains quite insoluble. 

By this means 5 per cent, of this fat may be detected in admixture with 
95 per cent, of cacao butter or “ green butter.” More than 10 per cent, 
of this fat produces such a heavy flocculent precipitate that it could not 
possibly be mistaken. 

The following method for the detection of kernel oils has been proposed 
by W. F. Baughman (y.A.O.A,C.f 1925, 8, 703) : 

Saponify 5 grms. of the sample with 10 c.c. of the alcoholic potash 
solution (25 grms. of potassium hydroxide in 200 c.c. industrial spirit). 
Evaporate the alcohol on the water-bath. Add 5 c.c. of water and 
evaporate to remove last trace of alcohol. Dissolve the soap in ^100 c.c. 
of water; cool to room temperature; and add while stirring, 100 c.c. 
of the saturated common salt solution. Allow to stand fifteen minutes 
and during this period stir several times. Remove the separated soap 
by filtration, using a Buchner funnel. To 100 c.c. of the filtrate add, 
while stirring, 100 c.c. of the saturated salt solution and allow to stand 
fifteen minutes. Only a slight precipitate should appear. Filter, and 
slightly acidify the filtrAc with hydrochloric acid. Run a blank on a 
sample of pure cacao butter at the same time. If the sample consists 
of pure cacao butter or fat from milk chocolate, the solution will remain 
clear or almost clear when acidified. If coconut or palm-kernel oil is 
present, the solution will become turbid or milky. 

Grimme [Analyst, 1914, 39, 216, 434) found a cacao butter substitute 
originating in Amsterdam and known as “ Elite ” (trade-mark a swan) 
which had the following characteristics : 

Sp. gr. at 65'", o-88oo and 0-8828; at 15°, 0*9150 and 0*9178; melting- 
point, 30*^ and 30*4°; solidification-point, 28*^ and 28*1°; refractive index 
at 40°, 1*4559 and 1*4558; acid value, 2*1 and 1*95; saponification value, 
198*4 and 198*0; iodine value, 38*3 and 38*14; Reichert-Meissl value, 
0*82 and 0-94; and Polenske value, 1*5 and 1*52. Fatty Melting- 

point, 46° to 48^ and 46" to 47*5°; solidification-point, 45° and 44*9°; re- 
fractive index at 40°, 1*4552 and 1*4554; neutralisation value, 207*0 and 
206*3; iodine value, 38-82 and 38*53, and mean molecular weight, 271*0 
and 272*1. The only notable differences 'oetwee^i these results and those 
given by pure cacao butter were^ the lower melting-point of the fatty acids 
(which were also brownish-yellow instead of pale yellow or white) and 
the Polenske values. The critical temperature of solution in glacial acetic 
acid (35° as compared with 65° to 69° for genuine cacao butter) indicated 
the presence of a foreign glyceride. By fractional crystallisation of the fats 
from a mixture of anhydrous ether and alcohol (3 : i) at'io° C.,the adulterated 
fats yielded first fractions which were semi-solid and second fractions melting 
at 39-7"’ C. and 40 "" C., whilst four samples of pure cacao butter ^ive first 
fractions melting at 46° to 52° C., and second fractions melting at 50° to 57*4"^ C. 

Bellier has proposed a reaction for cacao butter which is given on mixing 
together equal volumes of the fat, nitric acid S.G. *38 and a saturated solution 
of resorcinol in benzene. N. Beard-Clemencet (JS.CJ., 1924, 43, 525B) 
has found that the minimum percentage of cacao butter which, diluted with 
a neutral medium such as vaseline, will give a positive reaction is 9 to lo^ 
so that pure cacao butter diluted in this way to 10 per cent, should give 
a positive reaction. Other oils such as tallow, coconut oil and hydrogenated 



CACAO BUTTER 


3 « 

arachis also give a somewhat similar reaction so that the test has at the best 
a somewhat limited application. • 

Miscibility tests have a considerable amount of value and much work 
has been done along these lines. The American Association of Official 
Agricultural Chemists (cf. Analyst^ 1923, 48, 224) suggest the Valenta test 
carried out in a particular way (see Valenta test, page 89) and propose 
further a test with a reagent consisting of equal parts of acetone and carbon 
tetrachloride carried out in the follovWng way : 



f Reproduced hy permission of The Analyst 

** Dissolve 5 c.c. of the warm fat, which h:’s been previously filtered 
through dry filter paper in an oven at about 110° to remove traces of moisture, 
in 5 c.c, 07 the acetone and carbon tetrachloride reagent in a test-tube. Allow 
the solution to stand in ice water for 20-30 minutes. Run a blank on a sample 
of pure cacao butter at the 'same time. If hydrogenated oil, tallow, oleo- 
stearine or paraffin wax is jfresent, a white flocculent precipitate will soon 
appear. If the water is cold enough, cacao butter may solidify. If a precipitate 
is formed, remove the sample from the ice water and allow it to remain at 
room temperature for a time. Solidified cacao butter will soon melt and go into 
solution, but, if the precipitate is due to any of the above-mentioned possible 
adulterants, a much loneer time wi^^ be required for it to so into solution.** 
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Koehler (Analyst^ 1924, 49, 237) uges ethyl acetoacetate for the process. 
The method he uses is to run the est^ from a burette into a 20 per cent, 
solution of the cacao butter in chloroform at a temperature of 15^-20*^, 
until the appearance of a turbidity which is not increased by a further drop 
(an end point quite easily recognised). The number of c.c. of ester required 
by 2 c.c. of the 20 per cent, solution is called “ the turbidity index, and 
is remarkably constant for pure cacao butters, but is increased by an 
adulterant. In the case of samples grossly adulterated the ester may pre- 
cipitate the adulterant; in such cases the solution is diluted with a 20, per 
cent, solution of a pure cacao butter. 

The principle of miscibility curves was first proposed by Louise and 
Sauvage {Analyst^ 1907, 32, 365) and is described on page 94. The prin- 
ciple has been adapted to cacao butter by Marange {J.S.CJ,, 1923, 42, 
840A) and by Rosset, Morange and Vinter {Analyst, 1924, 49, *91), who 
use aniline-alcohol mixtures. 

M. Richard {Analyst, 1923, 48, 556) has done a considerable amount 
of work on the form of the curve obtained when cacao butter is allowed to 
cool under standard conditions, the temperature readings taken at intervals 
of five minutes and plotted as ordinates whilst the times are plotted as 
abscissae. In the case of^^urc cacao butters the curves representing the 
variation of the temperature with the time arc similar and almost superposable, 
no m^ter what the origin of the cacao beans, their degree of maturity, 
or the extent of the torrefaction or pressure applied in extracting the butter. 
For other fatty materials capable of fraudulent employment in the manu- 
facture of chocolates, or coatings, or of direct admixture with cacao butter 
without sensibly modifying the appearance or the chemical and physical 
constants of the butter, the curves obtained differ widely, not only from 
that of cacao butter, but also among themselves. For mixtures of cacao 
butter with foreign fats, the curves arc not exactly intermediate to those 
given by the separate constituents, but either lie outside of these curves 
or follow quite different courses. 

The following table shows the results obtained with cacao butters of 
different origin and modes of preparation. In each case the maximum 
represents the rise of temperature following the incipient solidification at 
the minimum : ’ 


Table CLI. — Miscibility Tests of Cacao Butter 



« t 

Maxinmm. 

]Miniauim. 

°C. 

Difference. 

'■c. 

Sanchez .... 

2375 

19-4 

4*35 

Arriba .... 

2455 


4-625 

Puerto Cabello . 

24-475 

19*775 

4*7 

Martinique . 

23*62 

19-325 

4-3 * 

Lome .... 

24-475 

19*9 

4-575 

Gaudeloupe . 

24-5 

*9-525 

4*975 

Bahia .... 

23-4 

\ 8*5 

4-9 

Congo . . . . j 

24-3 

20*3 

4-5 

Cameroons . 

24*8 

20*15 

4*65 

Caraque .... 

25*0 

20*00 

5*00 

Haiti 

24*25 

19*85 

4*4 
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The curves of the fat from “.solubilised cocoa diflPer materially in 
form from those of the fats of thtf same cocoas which have not been thus 
treated. After reaching the first minimum they rise slightly, then fall, 
and then rise to a final maximum. The difference between the second 
maximum and minimum, however, agrees with that of a normal cacao butter. 
For example, the following results were obtained with the fats from three 
samples of Dutch cocoa : 



Maximum. 

Minimum. 

Difference. 


°C. 

X. 


Franken .... 

19-35 

19*2 

0-15 


23*1 

18*8 

4-3 

Korf 

i9'3 

18*96 

0-35 


23*4 

18*9 

4-5 

Boon 

18*575 

18*25 

0*32 


23-175 

18-325 

4-85 




In the case of mixtures of illipc butter with cacao butter the minimum 
point is always higher than that of pure cacao butter, and the cdrves are 
above those of pure products. For example, the following results were 
obtained with mixtures : 


Table CLII,— Miscibility Tests on Mixtures of 
Illip^ Butti:r with Cacao Butter 




Maximum. 

° C . 

Minimum. 

X. 

Difference. 

X. 

Cacao butter .... 

• • • • 

25-675 

19-95 

4-725 

Illipe butter .... 

. 

29*5 

237 

5-8 

Cacao butter 20/,' , illipc butter 80' f . 1 

25-878 

20*6 

5 -275 

)» i» b6*6/{ ,, • 

,, 33-3:,-^ • 

26-5 

20*9 

5-6 

>» n 5 ®/o M 

M 50; ' • 

.27-45 

21*2 

6-25 

>» 33 ’ 3 /o >» 

,, 66*6 ', . 

28-55 

21*8 

6-75 

ji >» 25% >> 

. 75/0^ • 

28-925 

21*05 

7-875 


The figures given by karite butter and the form of its curve are quite 
different from those of cacao butter, e.g., maximum, 25*00°; minimum, 
19*85°; and difference, 5*15°. The solidification begins at 25*6°, and 
the rise from the minimum to the maximum is so abrupt that the curve 
forms an acute angle. • 

A somewhat novel m^hod of examination is proposed by Andoyer 
(y,S,C.I,, 1924, 43, 570B), who determines the calorific value of the fat. 
The following values were obtained for the dry filtered fats in a Mahler 
bomb calorimeter : Cacao butter 9070-9090, oleomargarine 9215-9245, 
cotton-seed oil 9670-9695, rape oil 9600-9620, butter fat 9355-^395 ^^Is. 
This method has, of course, the disadvantage of requiring specialised 
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apparatus, whilst, of course, it is quite possible that the usual cacao butter 
substitutes may give similar figures to cacao butter itself. 

Fat from other Species of Theobroma.— Tht fat from T. grandifoUa 
(Cupa seeds) has been examined by Bray and Islip {Analyst, 1921, 46, 
325) and by Bolton and Hewer {Anafyst, 1922, 47, 282) and that from 
T. btcolor (Lupu seeds) has been examined by the latter authors. Both 
these fats are somewhat similar to cacao butter but are softer and without 
odour. The characteristics observed lor these fats by the authors named 
are given in the following table ; 


Table CLIIL— Examination of Fat from Theobroma Grandifolia 


Characteristics. 


Melting-point ®C. . 

Titre "C 

Acid value . , . 
Saponification value . 
Iodine Wue . . . 
Unsap. matter per cent. 
Reichert value . . 
Polenske value . . 


40 


Cupu. 


Bray and 
Iiislip. 

Bolton and 

1 Hewer. 

Uipu. 
Bolton and 
Hewer. 

32>o 

VO 

42-1 

48‘I 

. . 


44-0 

44-0 

22-0 

i87'8 

189-2 

189-0 

44-8 

44-3 

44-4 

0-91 

• . 

0-9 

o-i 

. . 


0*1 



1-4560 

1-4563 

1-4565 



CHAPTER XXII 

PALM OIL 


Palm oil is obtained from the fleshy pericarp of the fruit of EUtts guineensis. 
It Tnust not be confused with palm-kernel oil which is obtained from the 
kernels of the same fruit and which is quite different in properties and 
composition. 

The oil palm is indigenous to West Africa, and occurs in the coast belt 
almost continuously from the French colony of Senegal to the Portuguese 
colony df Angola, or approximately from i6° N. lat. to lo'^ S. lat., but is 
found in greatest abundance from Sierra Leone to the Cameroons. Inland 
it penetrates to great distances, and is found as far in the interior as the 
great lakes and less frequently right across the continent and in the islands 
of Zanzibar and Pemba; Dense forests of oil palms are, however, only 
found in the coastal region, and in West Africa it does not occur thickly 
much beyond 200 miles from the coast. The ^fcmmercial supplies of palm 
oil are obtained mainly from Southern Nigeria, Sierra Leone, the Gold 
Coast Colony, Dahomey, the French Congo, the Cameroons, Togolafnd and 
Angola, whilst there have been in recent years small exports of palm kernels 
from the island of Pemba on the east coast and of palm oil from German 
East Africa, where oil palms occur in abundance along the shores of Lake 
Tanganyika, but owing to lack of transport facilities are not much worked 
for export ” — Bulletin of the Ivijyertal Imtitutv, 

The palm also occurs in Brazil and along the Amazon and these countries 
are not unlikely to become sources of supply. The Brazilian palm, however, 
although yielding a fruit indistinguishable in appearance and structure from 
that of the tree which grows in Africa contains less fatty matter and fatty 
matter of a distinctly different constitution from that of the latter (Bolton 
and Hewer, Analyst, 1917, 42, 35). The figures for that from the Brazilian 
palm are given in the table. 

The tree has been cultivate*! in various districts in the East Indies both 
in Dutch and British Colonies; this has been going on for some years. It 
was introduced into the Dutch Jndiq^j in 1848 but did not receive much 
attention until about iqicT. Since this time considerable progress has been 
made as is sShown by the fact that from January 1918 to January 1922 the 
area planted with oil palms increased from 8500 acres to 28,000 acres. In 
Malay in 1923 about 3000 acres hadfbeen planted of which about 500 were 
actually producing oil. 

“ The full-grown pil palm may attain a height of about sixty feet, and 
consists of a stem covered throughout its length ith the bases of dead leaves, 
and bearing at the apex a crown of large, pinnate leaves, each of which may 
be fifteen feet in length wdth leaflets two or three icet long. The tree is very 
slow growing, and from measurements made in the Agege district of Southern 
Nigeria reaches a height of sj^ to nine inches in three years, twelve to eighteen 
inches in four or five years, eight feet in ten years, and thirteen to fourteen 
feet in fifteen years, and it is estimated that it attains its full height of sixty 
feet in about one hundred and twenty years. The fruits are borne in large 
bunches termed “ heads ’’ or “ hands,'* which are small and numerous 
when the tree first begins to bear (this varies from the fourth to the eighth 
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year according to climatic conditions, etc.), but decrease in number and 
increase in size in the next few years; thus in Southern Nigeria, according 
to Thomson, as many as thirty ‘ heads ’•may be formed at first, decreasing 
to anything between two and twelve as the tree ages. The fruits are usually 
from one to one and a half inches in length, and three-quarters to one inch 
in diameter and are roughly egg-shaped, the narrower end being the apex. 
The colour and size depend on the variety of oil palm, but usually the fruits 
are reddish-brown or orange in tint. The fruit is botanically a drupe, and 
consists of three well-marked portions.* Outside is a layer varying in thick- 
ness and composed of a soft fibrous pulp (pericarp), carrying from 55 to 
65 per cent, of an orange-coloured, semi-solid fat, which when extracted 
constitutes the palm oil of commerce. Inside this pulp is the palm nut 
(endocarp), consisting of a hard woody shell, which may vary considerably 
in thickness, enclosing usually a single palm kernel, though sometimes two 
or even three are present ; the kernel is the second useful product of the palm 
fruit; it is dark reddish-brown or almost black externally, and internally 
consists of a rather bard, white * flesh ’ loaded with oil, which when extracted 
constitutes the * palm-kernel oil ’ of commerce 

“ The tree will apparently grow on most soils which arc capable of holding 
a fair quantity of moisture, but it is only on rich moist soils and in districts 
having a fairly high rainfall (50 to 70 inches on the average) that it gives 
good yields of fruit. 'I^hus in a recent article on the oil palm in Southern 
Nigeria^ (Southern Nigeria Gazette^ 1908, No. 10, Suppl.) it is pointed out 
that the common variety is confined to the moist belts of country, and is 
most plentiful on the native farms and in the evergreen forests of the Niger 
delta and some of the littoral districts of the Eastern Province, where a heavy 
annual rainfall is experienced. In the hinterland of Southern Nigeria, where 
the rainfall is deficient, the distribution of the tree follows the evergreen 

Table CLIV. — Characteristics of Palm Oil 


i 

Authority. | 

j 

S.G. 15°.: 

! 

M. Pt. j Sap. Iodine 
"C. ! Value 1 Value. 

1 

Titre 

1 °C. 

1 

M.Pt. 

Acids. 

X. 

I.V. 

Acids. 

j 

Mitchell . . 

i 

1 

0*921- 

1 0-925 

i 

1 27-43 200- '53- 
1 : 205 ; 58 


! 35-8- 
! 47-6 

48- 

50 

49- 

59 

Fryer & Weston. 

, 35-43 1 200- 152- 
0-924 ! j 203 ! 56 

I -4531-! 36- 
1-4559 [ 45 



Tipler . 

' 1 42-50: •• 52-58 

1 1 ' 1 


40- 

|44-9 


49- 

58-3 

Bolton &Hewer* .. i 30 i 197 ’78-88 

i 1 ' i 

1-4583- 

I -4603 




Bolton & Hewer t| .. | 38 '200-6! 55 

I -4548 j . . 



Hubert 

42-45 1 196- 43-8- 

; 201 ! 55-6 

i 



44- 

48 



Jiraziliaii. 


t African. 
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PA|M OIL 

belts af the forests skirting the large streams. It is conspicuously absent 
from the impoverished grass-coverei soils on which the fan-palm typically 
occurs, indicating that a dry climate and poor soil do not suit it.” — Bulletin^ 
Imperial Institute. 

Until quite recent times palm oil was obtained by more or less crude 
methods by the natives, and the resulting oil was frequently of inferior 
quality, being of high rancidity and containing numerous impurities. The 
fruits are usually gathered just as they become ripe by men who climb the 
trees and allow the bunches to fall to \hc ground as they are cut off. The 
bunches are collected and placed in a pit lined with leaves, moistened with 
water, covered with more leaves and allowed to stand for a period varying 
from one to many weeks. During this time the fleshy pericarp of the fruit 
(which is the source of the palm oil), which is at first quite firm, becomes 
softened so that the palm kernels (the source of palm-kernel oil) may be the 
more readily removed. This is brought about by pounding up the softened 
fruits with wooden staves after which the oil is expressed from the pulped 
mass by means of crude bag presses or allowed to drain away by standing 
under suitable conditions. The kernels are then picked out by hand and 
the pulp mixed with water, the mixture boiled in large iron vessels, and 
then the oil which rises to the top is removed by suitable implements. 
The residue from this treatment is again expresxd in a bag press when a 
further quantity of oil is produced. 

The following description of the process formerly in use in the^Gold 
Coast is due to the Inspector of Agriculture for West Africa and is quoted in 
the Bull, Imp. Inst., 1909, 7, 385 : 

“ After the bunches have been allowed to stand for a few days the fruits 
are chopped out and piled in heaps on a paved or cemented basin having a 
diameter of about eight feet and a slightly depressed rim about two feet in 
width running completely round, and in one place a small well connected 
with the bottom of the basin by a wooden tube. The heap of fruit is covered 
with leaves and left for five or six days, during which period fermentation 
takes place and the mass becomes hot. At the end of that time the heap is 
uncovered, and five or six people proceed to pound the mass with poles for 
several hours. After this treatment the mass is again covered up, left for 
two days, and the pounding again repeated, followed by a further fermenta- 
tion for two days and a furth^* pounding. From the time of the first 
pounding oil begins to flow through the tube into the well, and as the latter 
fills up it is emptied by means of small calabashes. When no more oil 
flows the nuts are picked oiA of the mass of pulp, and the latter is collected, 
boiled in water in order to cause a little motti oil to separate, and is finally 
squeezed in a primitive press. The nuts are dried in the sun so that the 
kernel may shrink and be readily dctaj:hable from the shell. The nuts are 
craclted singly by hand, each nut being placed on a stone and struck with a 
second stone. It is stated that an industrious native can prepare about 
four pounds of kernels* per day in this way, the shells being afterwards 
picked by hand.” 

These crude wasteful native methods arc in course of being abandoned. 
In the Nigerian Court of the Wembley Exhibition 1924,' an oil mill was 
exhibited by Messrs Nigerian''Products Limited, 21 Dale Street, Liverpool — 
a mill which was destined for use later in West Africa, I’he following 
description of the plant and its method of operation are taken, by permission, 
from a pamphlet issued by the company : 

■ ” The fruit is fed by means of a creeper or conveyor from the buying 
store to an elevator discharging into a receiving hopper, which feeds two 
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enclosed digesters. (In the Exhibition plant the fruit was fed by hand to 
the elevator, thence direct into the digester, only one of which was shown, 
the receiving hopper also not being shbwn.) Each digester has a capaci^ 
of 30 cwts. of fruit, and is fitted with vertical shaft and agitators which stir 
the contents, whilst steam is admitted under pressure. 

After 15 to 30 minutes steaming, the fruit is discharged into a creeper 
fbeding three centrifugal extractors. (In the Exhibition plant only one 
centrifugal was shown, and the creeper was omitted, the fruit being fed to 
the centrifugal by a sliding shute.) The centrifugal is fitted with a removable 
basket having a capacity of about 5 cwts. The charge is centrifuged -for 
about ten minutes, the oil being thrown through the perforated basket and 
discharged by a pipe in the outer casing of the centrifugal to a ground tank; 
from this it is pumped to settling tanks and thence to a storage tank, from 
which the oil is drawn off into casks or drums for shipment. (The settling 
and storage tanks were not exhibited.) The extraction of the oil is assisted 
by the injection of steam into the centrifugal whilst running. In the 
main plant three centrifugals are used, with an extra basket to expedite 
working. 

“ After centrifuging, the basket containing the residue of nuts and fibre 
is lifted by means of chain blocks and carried by an overhead runway to a 
hopper feeding a rotary chyer. The dryer is heated by the exhaust gases 
from the boiler, the products of combustion being drawn through by means 
of an 'induction fan. (For Exhibition purposes a gas-fired boiler was used, 
but in actual practice in West Africa the exhaust gases from an ordinary 
steam furnace arc used to heat the dryer, the fuel being shell and fibre, the 
waste products of the process.) 

“ The interior of the dryer is fitted witli angle baffle plates which lift 
the ‘ mat ’ of nuts and fibre, the dryer being rotated by means of an external 
toothed wheel, and the induced hot gases drive off the moisture; the dryer 
is slightly inclined to allow the nuts and fibre to pass slowly through the 
cylinder, and after about 20 minutes the mass is discharged at the opposite 
end into an elevator feeding a rotary screen, where the nuts and fibre, now 
thoroughly dry, are separated, the fibre falling through the mesh, and the 
nuts travelling through the screen, arc discharged into the boot of an elevator 
feeding two nut-cracking machines (Miller’s patent). 

“ The nut-crackers are placed side by side, and one or both may be used 
as required ; they are driven through a counter-shaft at about 1000 revolu- 
tions per minute. 

“ After cracking, the kernels and broken sheL fall on to a shaker screen 
which recovers any uncracked *‘nuts, but allows the kernels and shell to fall 
through the mesh into a brine bath; the density of the brine floats the kernels, 
but allows the shell to sink. The boi:tom of this tank is filled with a spiral 
conveyor propelling the shell to the end, whence it is elevated to a receiving 
hopper feeding a centrifugal machine in which the brine is extracted and 
returned to the brine tank; the shell contained in a removable basket, is 
taken to the boiler furnace by means of an overhead runway. The kernels 
are skimmed off the surface by means of wire baskets and, after standing 
for a few minutes on a drip tray to drain, are fed into a centrifugal machine 
and treated in a similar manner to the shell. ^ They are now dry and ready 
for bagging. 

“In the main plant for West Africa separate centrifugals are used for the 
shell and kernels, but at the Exhibition, owing to restricted space, one served 
the dual purpose. 

“ The plant has been designed with a view to labour-saving, and is practi- 
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cally automatic from start to finish. The complete mill is capable of treating 
to to 30 tons of palm fruit per day of 10 hours.’* 

In this process fermentation fs not allowed to take place so that the 
oil produced is of much higher quality than that usually prepared by the 
natives. 

The inferior oils may be refined for edible purposes according to Lauro 
and Dickhart {J,S.C.Ly 1922, 41, 432A) by means of caustic soda to rembve 
the free fatty acid, the colour beipg subsequently removed by exposing 
the oil to light in shallow aluminium dishes for several days at 105°- 110° 
and subsequently deodorised by means of live steam. 

The fruits are, generally speaking, of small size, being from i to 2 inches 
in length, about i inch in diameter, and weighing from 3 to 14 grms. each, 
the average weight being about 7 grms. The proportion of pulp varies 
considerably, being in some cases as low as 25 per cent., whilst other varieties 
yield asr much as 75 per cent. The average figures are about one-third pulp 
and two-thirds nuts. The pulp contains Jfrom 55-75 per cent, of oil. Palm 
kernels and palm-kernel oil are dealt with on page 343. 

Composition . — The acids of palm oil consist essentially of palmitic and 
oleic. About i per cent, of stearic acid appears to he present together with 
a small proportion of linolic acid (Nordlinger, J.S.C.Ly 1892, II, 445). 
No recent work has been done on this subjeft. Such work is somewhat 
desirable, more particularly a comparison of the composition of palm oils 
from various sources, ^ 

Properties . — Palm oil is a solid fat of a consistency varying from that of 
soft paraffin to that of tallow. This consistency depends largely on the mode 
of preparation, the oil obtained from the fresh fruit being soft in texture 
and having an agreeable odour. The colour is also very variable, ranging 
as it does from a comparatively light-yellow to a deep orange-red, in some 
cases passing almost to black with impurities. The oil used for edible 
purposes is, of jourse, neutral oil having little colour and odour. The 
purest oil has a characteristic pleasant odour but this, in the case of impure 
and rancid oils, is frequently most objectionable. Commercial oils are 
usually highly rancid and contain large quantities of free fatty acids. The 
acid value of some commercial oils is over 100, whilst in extreme cases of 
very old oils the hydrolysis may go to completion and the oil consist entirely 
of free fatty acids. * 

The oil is bleached quite readily on exposure to air, but on the commercial 
scale the process is usually carried ou^by means of a mixture of dichromate 
and hydrochloric acid at*a moderate temperature, an alternative method 
being the blowing in of air at a temperature of about 100° and raising the 
temperature according to the requirements of each particular oil. 

Palm oil is not often aciplterated with other fats and its examination 
is usually confined to a determination of acidity (frequently expressed as 
per cent, of palmitic §cid), water and solid impurities, the latter of which 
are not infrequently added by the natives as atlulterants. I’he commercial 
valuation of an oil depends upon the amount of sand and water, which together 
should not exceed 2 per cent. ; for any excess over this, an allowance is 
usually made by the seller. Hupfeld {J.S.C.I., 1914, 33, 146) has suggested 
the following limits for edible fats : acid value, 16; dirt, 0*5 per cent.; 
water, 0-5 per cent. 

The Reichert value of palm oil has been given by various observers as 
0*7 to I ‘9, but these high figures are probably only correct in the case of 
rancid oil. Oils of good quality will probably have a negligible Reichert 
value. 
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The Crampton-Simons colour reaction for palm oil (Anafysty 1905, 30* 
250) depends upon the formation of a green colour when the oil is treated 
with acetic anhydride containing a trac^ of sulphuric acid. It has been 
shown, however, by Gill (Analyst, 1917, 42, 216) that this reaction is really 
due to the presence of carotin and that it is given by any fat or oil such as 
butter, sesam^, etc., which contains this substance. 

*A large number of varieties of palm have been studied by various workers 
in recent years. Bolton and Hewer, in Edition to their study of the Brazilian 
type of Elceis guineensis, the results of which are given in the table on page 316, 
have studied those growing in Brazil and have obtained interesting results. 
Some of these will be found under Grou-grou oil, Tucan palm oil, Cokerite 
palm oil, Babassu oil, palm-kernel oil and coumou oil. The results given 
below were obtained on the fruits of Cocos syagrus. The authors state that 
“ two distinct types have been examined, the more common being a blunt 
form, which consists of a hard shell sparsely covered with fibre, enclosing 
a tough white kernel covered by a brown, woody skin. The pointed kernels 
are similar in every way except shape. The structure of both the long 
and blunt kernels is strikingly characteristic in that they have three points 
of attachment, close together in the former, and widely apart in the latter. 

Although the proportion of oil in the two types is very different (the 
blunt containing the greater* quantity) in their nature the two are practically 
identical, and it is curious to note that the author’s analytical figures bear 
a striking resemblance to those given by Bray and Elliott for Maximiliana 
regia, though clearly the nuts are not the same. 

The results obtained arc set out in the following table : 

Table CLV.— Comparison of Blunt and Pointed Palm Fruits 

(Cocos syagus) 


1 Blunt Fruits. 

Pointed Fruits. 

Weight of 100 fruits or seeds in grins. 

i 

. ; 1100 

600 

Per cent, of kernel 

. 1 40 

41 

Kernel : Oil content per cent. 

• j 32-1 

23*0 

Analytical figures for Oil. 

1 


Melting-point ®C., incipient fusion 

■ i 23 

23 

„ complete fusion 


287 

Solidifying-point ‘'C. 

. 1 26-8 

. . 

Saponification value 

• i 252*2 

. . 

Refractive index Zeiss at 40^^ 

• i 37 ’4 

36-2 

Iodine value 

•’! 12-5 

13-4 

Free fatty acid per cent 

• j 3-2 

2-97 

Unsaponifiable matter 

1 • 

* 1 * ' 

1 

1 



The oil is obviously similar in type to the other kernel oils. 

A new species of oil palm (E, poissonnii) has, been described by Fauch^re 
(y,S,C.L, 1918, 37, 741A). It is stated by thkj writer that the fruit of this 
plant is peculiar in that it is enclosed in a sort of fleshy sheath formed by 
the development of six staminodes contained in the female flower, which, 
in the varieties of Eleeis hitherto described, are always atrophied. The fruit 
weighs from 10 to 20 grms. The following table gives comparisons of the 
new species (of which two varieties are to be distinguished — var, tenera 





and var. dura) with the var. Lisomhe or Elteis n^escens (the beat form of oil 
palm known at present) : • 


— 1 

1 Tenera 

1 per cent. 

Dura 
per cent. 

Lisombe 
per cent. 

Oily pulp 

1 

76 

44 

m 

61-5 • 

Nuts 

• i , 24 

56 

38-5 

Oil yield of the pulp 

• ; 70*25 

i;8-6 

63-15 

Oil yield of the whole fruit . 

• 1 53-50 

55-8 

38-35 


The following figures were obtained from an examination of ten fruits 
of each of the chief varieties of Eheis in the Cameroons : 


Weight in Grms. 




1 Fruit. 

j Pnlp- 

Kernel. 

Oil. 

Dibope 


i 

. 1 123-0 

i 

51-5 

23*0 

27*0 

Lisombe . 


• 1 121*5 

1 76-5 

20*5 

47*0 

Dura . 


. t 171*0 

j 7?-2 

l8*l 


Tenera . 


i68*5 

( 

j .-S -3 

19*4 



The pulp oil of E. melanococca^ Gaertn., has been described by the 
Imperial Institute {Analyst ^ 1920, 45, 48). This is stated to be similar in 
character to E. gumeensis but smaller in size and to be common in Columbia 
where it is known as the Noli Palm. The fruits are dry, of orange-yellow 
or greyish colour, from o-8 to i inch in length, and from 0*5 to o*8 inch in 
diameter; average weight of a single fruit, 2*5 grms. I’he shells of the nuts 
are very hard, and about o- 1 inch in thickness. The fruits consist of pericarp 
16 per cent., shell 62 per cent., and kernel 22 per cent. 

The pericarp of the sound fruits contained 8-1 per cent, of moisture 
and 29 per cent, of oil, equivalent to 31*5 per cent, of oil from the dry peri- 
carp. The yield of oil from the entire fruit is therefore only 4-6 per cent. 
The oil itself is an orange-yellow liquid containing a fairly high proportion 
of stearine. It is much more liquid and paler in colour than commercial 
palm oil from West Africa, but b similar in taste and smell. 

The following results Were obtaine*d : 

• 

Table CLVl. — Characteristics of Oil from El^tiis Melanococca 


Pericarp Oil from Noli 
Palm Fruilb. 


Sp. gr. at ioo°/i5° C. 
Solidifying-point of fatty acids 

Acid value 

Saponification value \ 

Iodine value per cent. 
Unsaponifiable matter per cent. 
Volatile acids, soluble 
„ „ insoluble . 


0*8636 
33 - 6 “ C. 
297 
199 

83-5 

07 

07 

0-5 
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A large amount of information concerning palm oil and palm oil products 
is contained in back volumes of the BuMin of the Imperial Institute. (Cf. 
Analyst, 1910, 35, 166; J.S.CJ., 1910, z'9, 287; 1913, 32, 797; 1917, 36, 
1017.) For further information the following papers may be consulted : 
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COCONUT AND SIMILAR OILS 
Coconut Oil 

Coconut oil is obtained from the nuts of the coconut palm, Cocos micifera^ 
which is widely distributed in all tropical countries, especially along the coast- 
lines. Although the tree will grow in sub-tropical countries and also in 
somewhat exposed positions yet, under these conditions, the tree no longer 
bears fruit. It is thought that possibly the fact that the coconut palm 
grows so well near to the coast is due to the fact that common salt is more 
or less necessary to its growth, this idea being supported by the recent work 
at Porto Rico {J, Jamaica Agri. Soc., IQ23, 27, 673). The palm does not 
become fully fruit-bearing until it reaches an age of about ten years, but it 
first begins to flower at about six. The tref^ may continue to bear fruit 
for sixty years or even, in favourable circumstances, as long as one hundred 
years. Although the products of the trees have been used by theyfiatives 
from prehistoric times, it is only within recent years that the cultivation of 
the palms has been seriously taken up, on what are supposed to be correct 
lines, with the result that as many as 6000 nuts per acre per annum have been 
obtained under good conditions. A good average annual crop for each tree 
is about 60 nuts, but these do not all ripen at the same time, which fact is 
particularly valuable as it enables the user to depend upon supplies practically 
all the year round. 

The tree itself grows to a height of 60-100 ft. at maturity, and consists 
of a cylindrical stem from 18 to 24 inches in thickness, marked with rings 
where leaves have formerly grown, and terminating in a crown of from 16 
to 20 graceful pinnate leaves each about 15 ft. long having a strong central 
rib on both sides of which are numerous long thin leaflets. The flowers 
grow enclosed in a spathc, each of wdiich produces from five to fifteen nuts. 

The nuts are enclosed in a thick fibrous outer husk, which is used for 
making mats, brushes and similar purposes. The inner hard dark-brown 
shell contains the white kernel Wiich in turn contains a sweet milky fluid 
known as “ coconut milk.” For a description of coconut planting and the 
results obtained see Zaepernick (J.SXJ.I.y 1911, 30, 1222), Pratt {ibid.y 1914, 
33, 1096), and Cox, Brill, Parker and Yates (^. 5 . 6 './., 1918, 37, 96A and 97A). 

Composition of Coconut 3 lilk . — Tlie liquid portion has been examined by 
several observ^ers. Thus Behrc (Pharm, Zent.y 1906, 20, 145) found that 
the specific gravity of three samples varied between 1-0244 and 1-0325, the 
extract between 5-8 and 7-7, the ash between o-66 and i-oo, the proteins 
between 0-30 and o-8i, and that much of the solid matter was due to cane- 
sugar, The liquid has been recently examined by 'Matthews {Analyst^ 
1924, 49, 223). This observer found that the S.G. of three samples varied 
between 1-0421 and 1-055'^, solids between 9-9 and 13-0 and the [a]„ 
between 37-0 and 42-7. The liquid from one nut w^as examined more 
extensively. No starch was found. The ash was 1-25 W/V.; cane-sugar, 
7*1 ; reducing sugar, 0-5. The liquid had a very feeble diastatic power 
and commenced to coagulate at temperatures above 43®. 

Coconut 'Coconut toddy is a liquid which is collected in pots 

823 

I 
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Per cent. 

Moisture ... . . ii'3 

Oil 12-2 

Crude proteins 20*1 

Ash 5-5 

Crude fibre . . .. 2 

Carbohydrates . . 37-0 


99 -3 

The amount of oil in copra is usually about 65 per cent., although occa- 
sionally samples will contain as much as 75 per cent. The following table 
due to Schindler and Waschata {Chcm. Revue y 1905, 27, 169) and quoted 
by Lewkowitsch {OilSy Fats and Waxes, Vol. II) gives a number of analyses 
of different varieties of kiln-dried and hot-air-dried copras. 

Table CLVIII. — Analyses of Kiln-Dried and Hot-Air-Dried Copras 


(Qi-tjtxttm I 7 R and Waschata) 

No. 

* < 'rio-.. 

Year. 

Water. 

Fat. 

1 

Ceylon 

1900 


71-40 

2 

,, ......... 

1900 


6736 

3 



1901 

3-<>5 

69-17 

4 

Penang 

1900 


68-95 

5 

y, ......... 

1900 


67-08 

6 

Sangir 

1900 


68-93 

7 

Malabar 

1900 


71-03 

8 

Singapore ; 

1900 


69-05 

9 

»> . . . i 

1900 


65-91 

10 

Java i 

1900 


68*77 

II 

” j 

1900 


67*06 

12 



. 1902 


66*21 

13 

Pontianak 

1900 


65-43 

14 

Manila 

1900 

4*6i 

64-47 

15 

,, (special quality) . . . .* 1 

19QP 

. . 

67-55 

16 

” • . . . I 

1901 

i 

! 67*10 

^7 

M 

1901 

1 

68-57 

18 

> > * • ; i 

1902 

1 

68-34 

19 

Pacific Islands « . , 

A)oo 

4*10 ! 

74-72 

20 

Zanzibar 

1901 1 


70-23 

21 

1 

Tangiers 

1903 : 

• 

67-00 

Means of twenty -one analyses .... 



68-30 

Maximum 



74-72 

Minimum 

* 


64-47 


Desiccated Coconut . — This product is prepared by breaking away the 
shells, washing the “ meat ” and shredding or granulating by machinery. 
The product is “ desiccated ’’ in special machines by means of a current 
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of hot air at about 90°, the luoistufe at the completion of the dryipg not 
being in excess of 2 per cent. Th^ dried product is graded as to size by 
mechanical sieving and immediately packed for export. 

Bolton and Revis (Fatty Foods ^ page 15 1) state that the presence of starch 
and sugar must be looked upon as adulterants, but Bodmer has shown 
(Analyst^ 1920, 45, 18) that quite genuine dried coconut may contain p 
much as 7 per cent, of cane-sugar, the presence of which he ascribes to 
incomplete washing of the “ meat ** before desiccation. 

Other useful papers bearing on coconuts and coconut cake are as follows : 

“ Comparative Keeping Qualities of Palm-kernel, Coconut, Ground 
Nut, and other Oil Cakes. Godden. Analyst, 1918, 43, 63. 

“ Nutritive Value of Coconut Globulin and Coconut Press Cake.*’ 
Johns, Finks, and Paul. 1919, 38, 384A. 

“"Extraction of Copra Cake with Solvents. ’’ West. Analyst, 

48, 36. 

“ The Globulin of Coconut.’’ Johns, Finks and Gersdorff. J.S.C.F, 
1920, 39, 169A. 

The Production of Coconut Oil. — Coconut oil, has been prepared by the 
natives of different parts of the world for centuries. I'he most crude gf 
these methods was to cut up the dried kernel into small pieces and pb.te in 
heaps in the sun when the oil which ran off was collected. Various modifica- 
tions of this primitive method have been used, such as the previous pounding 
of the dried kernel and the exposure of the pulp so obtained to the heat 
of the sun in peri’o rated vessels through which the liberated oil could run, 
a crude form of hand pressure being also employed in some cases. In 
those countries where the sun-heating process could not be relied upon 
a form of heating on rough trays formed from the coconut leaves over an 
improvised stove was also carried on. Better methods were carried out 
on the IMalabar coast where the kernel pulp was treated with boiling water, 
the oil which rose to the top being skimmed off periodically. This gave a 
much better class oil, known then as Cochin oil, which quickly obtained 
a high reputation — a reputation which has held until the present time although 
“ Cochin oil ” now refers to a quality of oil (the highest) rather than the 
source from which it has been obtained. 

By far the largest amount of oil is now olUained from imported copra, 
by expression, in Europe :jnd iVmericn, in modern }iresses and is knowm 
as copra oil. A large quantity is, however^ now being so pressed in the 
countries of origin and there is no doubt but that this amount will increase. 
For the production of coconut oil in this way the copra^is ground in mills, 
moulded and pressed twice af a temjierature of Extraction with 

solvents has not yet reached any large proportions on account of the possible 
poorness of the resulting cake, but as this may be overcome casilv by adding 
a proportion of unextracted cake, this method may yet be devclojied but 
in any case it is comparatively easy to control the amount of oil left in the 
cake as has been done at least at one works in this country for a number 
of years. The oil is refined, by treatment with alkali which removes any 
free fatty acids and carries down colouring matters, proteins and other im- 
purities. The native methods of production are described by Parker and 
Brill (J.S.CJ., 1918, 37, 97A). 

Coconut Cake. — Coconut cake, as has already been mentioned, is a 
valuable feeding-stuff particularly for dairy cattle, and large quantities are 
consumed for this purpose in this country. The following analyses will 
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give ^ome idea as to the general composition of this article. The first six 
analyses are due to Smetham and Do<^ {J. Royal Lancs. Agrt, Soc.^ 19Z1) 
and the two last to Wood and Hainan {Composition and Nutritive Value of 
Feeding Stuffs^ Cambridge; University Press). 


Table CLIX.— Analyses of Coconut Cake 


• 

Name. 

Water. 

►Protein. 

Oil. 

Carbo- 

hydrates. 

Fibre. 

Ash. 

Coconut cake, English . 

9-01 

21*19 

9*20 

43*04 

11*91 

5-65 

„ „ „ (another 







make) 

870 

21*19 

14-96 

40*29 

9 -Si 

5-35 

Coconut cake, Macassar 

9-30 

187s 

16*96 

40*56 

8*98 

S- 4 S 

„ ,, Bombay . 

Copra cake, Borneo . 

11*90 

23*12 

11*83 

35*70 

7.90 

9-55 

10*70 1 

I 19*75 

10*28 

44*i6 

9*61 

5 - 5 ° 

„ „ Singapore . . 

8*6oi 

i 15*75 

29*55 

33*33 

8*42 

4-35 

Coconut cake 

11*4 

i 20*7 

9*9 * 

41*4 

11*2 

5-4 

„ „ meal . . . 

„ t 

11*3 

i 19*5 

1 

I 6*7 

1 

42-5 

13*6 

1 

1 

6-4 


Table C LX. —Constants of Coconut Oil 


Authority. 

35-5 

S.ti. j Sap. 1 Iodine 
^. 5 ' 5 ' ^ 1 Value, j Value 

K.M. i Pol. 

MPt. 

X. 

Sol. 

Pt. 

litre 

X. 

Fryer and 
Weston . 

.. .. i .. 

0-936 : 255-260 ! 8-9 

1 1 

.. .. ! .. 

6*6-- 8 1 15-18 j .. 

23-26 

:: 

21-2 

Bolton . . 

I -4486- 

-- '255-2581 7-9- 

1 6-8 15-18 .r6“i'9 

23-26 

22— 



1*4492 

• • ; : 8-8 



23*5 


Trim 

1-4489 


! . . . . ’ . . 

24-85 


1 

y . s . c . i . . 

1-4491 

j ■ ■ , ‘ ‘ i ‘ ’ 

1 1 

1 




Properties . — Edible coconut oil ft, in warm* weather, a soft w’^hite fat, 
but somewhat brittle, breaking with a characteristic appearance, at tem- 
peratures below 15^. It ha.s been commonly stated in the past and, in fact, 
is so stated even in .current literature, that coconut oil easily becomes rancid, 
but this is not so in the case of sanfples which arc properly prepared (cf. 
Walker, Analyst^ 1906, 31, 165). The acrid, unpleasant state of the lower 
grades is due to decomposition both before and after expression due to 
unsatisfactory treatment (cf. Brill and Parker, Analyst, 1918, 43» 89; Perkins, 
y.S.C.I., 1920, 39, 458A). “ Thirty samples of edible coconut oil were 
kept for two years under varying conditions of light, air, etc. Oxygen was 
found to be necessary for the development of« rancidity, but not of acidity. 
The action of light increased the hydrolysis of the fat in sealed bottles, but, 
on the other hand, all samples exposed to the air in darkness became rancid. 
Enzymes soluble in fat (but not those insoluble) appeared to have a slight 
effect, especially in increasing the acidity, but sterilisation of the oil had 
little, if any, beneficial effect. In the second stage of rancidity, the free 
fatty acids were oxidised to an extent depending upon the amount of 
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hydrolysis. This oxidation was a<;celerated by light and moistui3i, but 
light was not an essential factor. oil with a low initial acidity remained 
sweet after exposure to air and light for two years.*’ (Perkins, loc. Hi.) 
Coconut oil is much more solubh in alcohol than are vegetable oils in general, 
in fact, with the exception of castor oil, coconut oil and oils of the same class 
are the most soluble of any. Milban has shown that coconut oil will dissolve 
completely in two volumes of absolute alcohol at 32^^ (cf. the Crismer test, 
page 92). The following results obtained by van Kregten (y,S,C,Ly 
1920, 39, 305A) for the critical temperature of solution of coconut and palm- 
kernel oils in alcohol apd acetic acid respectively of various strengths : 

Tabu- CLXI. — Solubility ok Coconut Oil 


• 

Sp- gr. at 

1 

\"olume 

Critical Temperature 
of Solution. 

Solvent. 

per cent. 

Coconut 

Oil. 

Pahn- 
kernel Oil. 

Alcohol 

1 

07942 

07981 

o*8ooi 

0*8o20 

j 

9 q;q 6 

99-i6 

98-75 

98-36 

20*2 

30-0 

35-5 

39-5 

28-7 

38-8 

47-9 

j 

1 

Sp. gr. at 
15°, rc. 

Per cent. 
Acetic Acid. 


j 

Acetic acid 

i I -0573 

1 1-0579 

1 1-0584 

] 

i 99-25 

; 99-05 

^ 98-85 

! 17*9 

26-0 
, 30 '9 

i 32-5 
j 41-5 
, 45-6 


Composition , — Coconut oil is characterised by containing large quantities 
of lauric and myristic acids which give to the oil its wxll-known properties ; 
smaller quantities of acids of both lower and higher molecular weight are 
also present. Although a larg^ number of other investigations had been 
carried out (such as those of Ulzer, Reijst, Kirschner, etc.) the whole of the 
fatty acids present in coconut oil were first definitely isolated by Haller and 
Youssoufian {Analyst^ iQO'Ji 32, f?3) the method of alcoholysis. These 
authors proved that, caproic, caprylic, capric, lauric, myristic, palmitic, stearic, 
and oleic were present, that lauric and myristic acids predominate and that 
butyric acid could not be detected. These results have been confirmed 
by Elsdon {Analyst, 1913, 3 ^ 5 , 8) who deduced the blowing quantitative 
composition for the mixed fatty acids * 


Caproic acid 2 

Caprylic acid 9 

Capric acid }o 

Lauric acid 45 

Myristic aqJd 20 

Palmitic acid 7 

Stearic acid 5 

Oleic acid 2 


TOO 
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but t^ese figures, being liable to man^ sources of error are not very exact, 
they have, however, been confirmed in jthe main by W. N. Stokoe {Analyst^ 

1924, 49, 577). Cf. John Allan {ihid.^ 1925* 50, 16). The caproic acid is 
probably a litde higher, the capric lower and the lauric higher. Oleic acid 
also is probably a little higher. Walker has shown (J.C. 5 ., 1923, 123, 2837) 
that in a sample of coconut oil examined by him it was unlikely that more 
ttan 2 per cent, of capric acid was present and the author does not see at 
the moment any serious objection to* this statement (cf. Analyst, 1924, 49, 
27s). It is an interesting fact that elm-kernel fat (Pavlenko, Analyst, 1912, 
37, 201) is very similar in composition and is said to contain 56-2 per cent, 
of capric acid. A more recent analysis quoted by fe. F. Armstrong, John 
Allan and Watson Moore, gives the following as the composition (J.S^C.L, 

1925, 44, 63T). 


Caproic acid .... 

. . . . 

Caprylic acid . 

• • 9*5 

Capric acid .... 

• • 4*5 

Lauric acid .... 

■ • 51*0 

Myristic acid .... 

. . i8-5 

Palmitic acid .... 

■ • 7*5 

Stearic Jtcid 

3*0 ? 

Oleic acid 

• • 5*0 

Linoleic acid .... 

i-o 


It would appear that even the qualitative composition of the oil is scarcely 
settled, at least, in regard to the presence of stearic acid, but there would 
seem to be little doubt but that it is present in at least some samples and it 
would be advisable to examine oils from various sources to decide finally 
whether stearic acid is actually absent from some oils. 

I’he actual glycerides present in the oil have been examined by Bomer 
(J.S.C.I,, 1914, 33, 756) by distilling the oil in a high vacuum followed by 
fractional extraction and crystallisation of the distillates with acetone. He 
found the following esters: caprylolaiiromyristin, myrislodilaurin, lauro- 
dimyristin, palmitodimyristin, stearodipalmitin, and also esters containing 
oleic acid which were not further exa/iiined. Caldwell and Hartley 
{Analyst, 1909, 34, 274) in an earlier paper obtained by the method of 
distillation in high vacuum about 60 per cent, of lauric acid and also isolated 
palmitic acid. • • t 

The odourous substances irw coconut oil have been investigated by Haller 
and Lassieur {Analyst, 1910, 35, 356) who find, in addition to the free lower 
fatty acids, the presence of methyl-hcptyl ketone, methyl -nonyl ketone, a 
trace of an optically active aldehydes, methyl-hcptyl carbinol and methyl- 
nonyl carbinol. 

Matthes and Ackermann {Analyst, 1908, 33, 357) found that coconut fat 
contains, in addition to the ordinary known phytosterol, a second phytosterol 
which forms a characteristic sparingly soluble tetrabromide, whilst Kedro- 
vitsch (Analyst, 1912, 37, 497) found that the melting-point of the phytosteryl 
acetate {vide page 123) varied from 122^ ,to 125''. Cf. Butter fat, 
page 400. • 

There is no specific test, with the exception of microscopic ones, that 
can be used for the detection of coconut oil (that of Ludwig and Haupt 
having been shown to be useless by Trimen, Analyst, 1913, 38, 246), although 
there are a number of qualitative methods which indicate oils of this class 
and other methods which, to a certain extent, differentiate between the 
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oils in the same class. The most widely used and, when carefully inter- 
preted, the most useful of these is tRe one known as the Polenske n]^thod, 
which has been fully described on {fege 148. Many others have been sug- 
gested but none of these has any greater claims to consideration, although 
one or two are very useful for confirmatory purposes, particularly that of 
Shrewsbury and Knapp (the advantages of which are discussed on page 161) 
and some, e.g., those of Burnett and Revis {Analyst, 1913, 38, 255), Elsdofi 
and Bagshawe {Analyst, 1917, 42, 72, 395, 298), and Stokoe {J.S,CJ,, 1921, 
40, 57T), are necessary to decide the proportion of coconut oil present in 
any mixture where amounts of other oils of the same class may also be 
present. , • 

The only qualitative test which is at all useful is a microscopic one and 
was devised by Hinks (1907, 32, 160). It is a useful confirmatory test when 
small quantities of coconut oil are suspected in admixture with other fats. 
The test'is described by Hinks as follows: “ Five c.c. of the melted and 
filtered fat are dissolved in twice the volume of ether in a tube, which is 
then packed in ice. After half an hour much solid glyceride has separated 
out, leaving a clear ethereal solution above. The ether is poured on to a 
plaited filter and rapidly filtered. The ethereal solution is evaporated on the 
water-bath, and the residual fat poured into a tube and boiled wdth three 
to four times its volume of alcohol (96 to 97 per cent, by volume). Complete 
solution takes place at the boiling-point. The solution is allowed to cool 
to room temperature, when most of the fat separates. The tube is then 
placed in water at 5 ', and kept at that temperature for fifteen minutes. The 
alcoholic layer is rapidly filtered into another tube which is placed in a 
cooled chamber at o*^. A flocculent deposit soon separate; in this deposit 
are the crystals which indicate the presence of coconut oil: this is examined 
microscopically after being in the cold chamber for two or three hours. A 
portion is withdrawn by a wide-mouthed pipette placed on a slide and 
covered without pressure. To view the crystals satisfactorily a magnification 
of from 250 to 300 is required.’’ 

Hinks claims that the method will detect the presence of 5 per cent, of 
coconut oil in butter and most observers have confirmed this but the presence 
of certain other fats — notably lard- makes the indications of the lest less 
trustworthy. Trimcn {Analyst, 1913, 38, 246) claims that in the absence of 
coconut oil the method will distniguish between buffalo and cow butter fat 
and between sheep and goat butter fat respectively but as goat butter fat 
gives crystals resembling those of cpcouut oil care must be taken that a goat 
butter is not reported upon as a cow^ butter adulterated with coconut oil, 
particularly as goat butter fat frequently gives an abnormal Polenske 
value. 

Several w^orkers have attenjpted tojnakc use of the^lubility of coconut 
oil in alcohol as a means of the determination of the amount present in 
admixture with other oils. Ross {Analyst, 1908, 33, 457) went fully into 
this question and decided that with the methods that he adopted no useful 
results could be obtained. Arnold extracted the fat with alcohol, recovered 
the soluble portion and subjected this to the usual determinations. He 
obtained the figures contained in the following tables which are quoted by 
Lewkowitsch, but it is doubtful whether the method has many advantages, 
although these figures do show a tendency for the characteristic properties 
of coconut oil to become concentrated in the alcoholic extract. 



33a| EDIBLE OILS AND FATS 

\ • 

Tj&le CLXIL^Analyses of Fats for Admixture op Coconut On. 



Refracto- • 

meter Sap. 

at 40 Value. 

"Degrees." 

R.M. 

Value. 

Polenske. 

Iodine 

Value. 

Yielded 

Alcohol* 

Soluble 

Portion. 

c 


American Lard 




Original lard . 

50-1 

194*9 

0-33 

0*55 

62-5 

, , 

Alcohol-soluble fat . 

527 

190-5 

0-66 

0*55 

68-0 

9*ig* 

Alcohol-insoluble fat. 

50-6 

196-0 

0-44 

O'fO 

60-4 




German Lard 




Original lard , 

477 

193-8 

0-55 

0-50 

49-0 

. . 

Alcohol-soluble fat . 

49-2 

189-9 

0-88 

0-70 

63-9 

. 6-9g. 

Alcohol-insoluble fat. 

47-8 

196-0 

0-65 

0*55 

47-8 




German Lard 




Original lard . 

48-4 

195-7 

0-44 

0-60 

53-2 

. . 

Alcohol-soluble fat . 

Si'4 

191*5 

0-88 

0*75 

66-1 

6-4 

Alcohol-insoluble fat. 

4^-3 

196-1 

0*55 

0*55 

517 


American Lard Mixed with 2 per cent, of Coconut Oil 


Original fat . . . 

49-8 

195*4 

0-55 

o-6o 

62-0 

, , 

Alcohol-soluble fat . 

51-0 

194*3 

2-50 

1-25 

64-4 

12 

Alcohol-insoluble fat. 

49-8 

196-0 

0-55 

0*55 

60-4 


American Lard Mixed with 3 per cent. 

of Coconut Oil 


Original fat . . . 

49*6 

196-0 

1*00 

0-70 

6I-I 

. , 

Alcohol-soluble fat . 

49*3 

205-5 

4*13 

2*35 

60-5 

9 

Alcohol-insoluble fat. 

50-0 


0-90 

0*75 

59*9 


German Lard Mixed with 4 per cent, 1 

of Coconut Oil 


Original fat . . . 

48-9 

202-7 

1-50 

o-8o 

47-1 

. . 

Alcohol-soluble fat . 

49-1 

2 i6-2 

570 

3*50 

45-7 

9*9 

Alcohol-insoluble fat. 

49-0 

201-6 

1 -10 

0-70 

46-3 


German Lard Mixed with 5 per cent, of Coconut Oil 


Original fat . . . 

49-1 

201-; 

^ i'8o 

0-85 

61-7 

. . 

Alcohol -soluble fat . 

487 ^ 

210-0 

'5-56 * 

3-24 

55-3 

9-1 

American Lard Mixed with 5 per cent. 

of Coconut Oil 


Original fat . . »-• 

49 '2 

198-8 

1-35 

0-90 

60-0 

, , 

Alcohol-soluble fat . 

49 0 

210-6- 

5-60 

3*95 

52-7 

9-1 

Alcohol-insoluble fat. 

50-0 

197-1 

1-00 

o*,7S 

58-8 


American Lard Mixed with 10 per cent, of Coconut Oil 


Original fat . . . 

48-3 

202-2 

2-37 

1-30 

55-4 

, , 

Alcohol-soluble fat 

469 

229-0 

8-00 

7-85 

39-7 

10-2 

Alcohol-insoluble fat . 

49-2 

200-0 

1-90; 

I-IO 

55-5 


Butter Fat Containing 6 per cent, of Coconut Oil 


Original fat . . . 

43 I 

226-2 

23-4 

2-65 

40-0 

. . 

Alcohol-soluble fat . 

40-6 

235-2 

34-6 

3-8 

41-2 

35*59 s 

Alcohol-insoluble fat. 

44-05 

221-8 

20-3 

2-2 

39*5 
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The soaps obtained from coconut oil are sharply distinguished frotwiose 
obtained from other oils in that they ire not completely salted out evcf when 
the solution is saturated with salt. A method for the detection of coconut 
oil in cacao butter based on this fact has been suggested by Strube [Analyst^ 
1908, 33, 188) but experiments made by Bamford in the author’s laboratory, 
with the idea of using this as a method for the determination of coconut oil, 
were not very successful as the results obtained were no more useful thaft 
those obtained by processes already wejl known. (Cf. Kerr, page 310.) 

Examination of Coconut Oil . — On account of its comparative cheapness, 
coconut oil is quite infrequently adulterated although statements have been 
made to the effect that Various seed oils have occasionally been used for this 
purpose. The Polenske value, saponification value and iodine values com- 
bined will, as a rule, quite readily show adulteration, although it must not 
be overlooked that the oil obtained from the outer rind of the coconut has a 
much higher iodine value than normal. Oil obtained from the rind has an 
iodine value as high as 40 and quite recently Armstrong and Allan have 
shown that this is a general feature not only of many varieties of coconut 
but also of other palms as well. They give the following tables 
1924, 43, 212T; 1925, 44, 63T) : 

Table CLXIII. — Comparison of Oil from the Whole Kernel 
AND Kernel Parings of the Coconut (Armstrong and Allan) 


Kernel Oil. Parings Oil. 



Saponil. 

Iodine 

j Saponif. 

Iodine 


Equivalent 

Value. 

1 Equivalent. 

1 

Value. 

Malay States 

. . 1 214 

7*2 

1 244*2 

28*9 

Malabar (Cochin) 

. 1 219 

87 

252*5 

45*5 

Java 

• • ' 214*5 

8-5 

253*1 

59*7 

Celebes Isles 

2i6'5 

9-6 

i 249*7 

25*0 

Philippine Islands . 

. i 216 

7-3 

! 241*8 

33*1 

Trinidad 

. . 216 ! 

8-0 

! 246*0 1 

37*2 

Fiji Islands . 

• • ' 217*5 i 

8-5 

1 237-0 1 

32*1 


Table CLXIV. — Comparison of Oil froivi the Whole Kernel and 
Kernel Parings of Various Nuts 

0^ * 


• 

Kernel Oil. 

Parings Oil. 

Saponif. 

Equivalent. 

Iodine 

Value. 

Sdjionif. 

Equivalent. 

Iodine 

Value. 

Palm kernels .... 

• 231*0 

13*5 

240*1 

29*6 

Babassu kernels ... 

• 221*2 

12*2 

241*1 

22*8 

Brazil nuts 

289*2 

104*8 

290*6 

“ 4*3 

Almonds (sweet) ... 

290*1 

101*0 

289*4 

100*5 

Araphis 1 

296*0 

97*0 

296*0 

9 S*o 



EDIBLE OILS AND FATS 


334' 

Jl. follows^ therefore, that an oil prepared from copra consisting of an 
unusuyl proportion of the parings of the rind will have a higher iodine value 
than normal. Such oils, although possibly not adulterated, are certainly 
abnormal and should be treated as such. (Cf. F. Wittka, J.S^CJ.y 1925, 

44. B998.) 

The normal figures for coconut oil are saponification value, 255-260, 
iodine value, 7-8"9, Reichert value, 6-5-8, Polenske value, 15 *5-18, and 
any oil having characters falling within these limits may be accepted as genuine 
provided that its physical appearance' is normal and that there is no excessive 
amount of unsaponifiable matter. The percentage of unsaponifiable matter 
is usually about 0*2 per cent, but additions of solid hydrocarbons have been 
known in which case the amount of unsaponifiable matter may be considerably 
increased. The phytosterol of coconut melts after several crystallisations 
at 140-7 to 141 '8, the acetate of which has a melting-point of about 128 to 130. 
Matthes and Ackermann {Analyst, 1908, 33, 357) have ascertained that 
coconut fat contains, in addition to the ordinary known phytosterol, a second 
phytosterol giving similar colour reactions, but combining by addition with 
two molecules of bromine, and yielding an acetate which forms a sparingly 
soluble tctrabromidc which is characteristic. For instance, from i kilogram 
of cocoanut fat there were obtained 1-25 grins, of cnide phytosterol, and 0*25 
grm. of a liquid residue, as the result of a twice-repeated saponification, and 
shaking out with ether in a Hagemann’s apparatus. The crude phytosterol 
melted at I35'^“i45''; after acetylation the product melted at I26°-I28°. 
The acetylatcd product was then brominated in presence of ether and glacial 
acetic acid, and the characteristic tctrabromidc then separated out in the form 
of thin plates, melting with decomposition at i8o''-'i83°, and containing 
39 per cent, of bromine. From the filtrate, after evaporation and rccrystal- 
lisation from alcohol, crystalline aggregates of phytosterol acetate dibromide, 
melting-point, 132 -135' , w^cre obtained. 

Commercial samples of oil may contain large amounts of free fatty acids, 
quantities of 10 per cent, and over being sometimes found. The best 
qualities of edible oil should not, however, contain more than o-i per cent, 
of free acid calculated as launc acid, whilst the upper limits for moisture 
and unsaponifiable matter are 0*25 and i-o per cent, respectively. (Com- 
mittee of .Analysts to Ministry of Food, 1919.) 

Detennination of Coconut Oil in Mixtures . — The difficulty of determining 
the exact amount of coconut oil when present in admixture with other oils 
was early recognised (it is due to the fact that the analytical figures are not 
proportional to the amount of coconut oil picsent) and already in 1911 
Cribb and Richards {Afialysf, 1911, 36, 327), recognising that this variation 
in the Reichert and Polenske values was due to the solubility of the 
“ insoluble ” aciiis in the Reichert acids, pi;oposcd that a fixed amount of 
1*9 should be added to the Polenske value and subtracted from the Reichert 
value, whilst Arnaud and Hawley (Analyst, 1912, 37, 122) modified this 
where the values were low. The matter was later reinvestigated by Elsdon 
and Smith (Analyst, 1925, 50, 53), who found that this correction factor of 
1*9 w^as only accurate for one set of figures and that it varied both with the 
amount of coconut oil and also with the amount of butter fat if present. 
These corrections can be taken from the taMe below and it will be noticed 
that that for the Reichert, although of the same order as that for the Polenske, 
is not identical with it. The table is used by finding the appropriate cor- 
rection figure for the experimental value and adding it (taking into account 
the algebraic sign) to the latter. 
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Table CLXV* — Corrections for Observed Reichert and. 

POLENSKE Val^ (CoCONUT Oil) § 


Polenske Values. 

Reichert Values. 


Correction to be added. 

Per cent. 
CNO from 

Correction to be subtracted. 

Observed 

Value. 

Percentage of Butter. 

Percentage of Butter. * 

0. 

5- 

10 

•Polenske. 

0. 

5- 

10. 


I-O 

. 0-4 

3 0*1 

-0*2 

0 

0-0 

0*1 

0*2 

»-5 

0-7 

0*0 

— 0*2 

s 

0-3 

0-3 

0-3 

2-0 

0-9 

0*5 

-0*2 

10 

0*6 

o-S 

0-3 

2-S 

I -5 

0-6 

0-2 

15 

0-9 

0-9 

0*6 

3-5 * 

2-0 

I -5 

0*9 

20 

1*2 

1*0 

0-9 

5-0 

2-4 

1-8 

1-5 

30 

1-5 

’'•4 

1*4 

7-0 

2*2 

2-0 

1-7 

40 

I ‘3 

I*I 

0-8 

8*0 

1*7 

1*6 

1-3 

50 

i*i 

I-O 

0-5 

9-0 

1*2 

1*2 

09 

60 

0-6 

0-4 

0-0 

10-5 

0*5 

0-7 

0-5 

70 

. 07 

0-5 

0*3 

12-0 

0-0 

0-0 1 

-0-3 

80 

07 

0-5 

0-3 

14*0 

- 0-2 

— 0-6 1 

- 0-6 1 

90 

0-4 

0*2 

0*0 

i6-o 

— o-i 

1 

~o-3 

-0-7 

100 

0-0 

• • 



When the corrected Polenske figure has thus been obtained the per- 
centage of coconut oil may be calculated from the equation, 

7 C N O 

' 17*6 

Where P is the corrected Polenske value and B the percentage of butter fat. 

In cases where butter is also present the amount may be calculated from 
the corrected Reichert value (corrected in a similar manner) using the 
formula * 

% butter fat = ^r°-°65xG^o-2 
• - 0-284 

• 

Where R is the corrected Reichert value and C the percentage of coconut 
oil calculated from the Polenske value. 

The author considers that* the abc^e formulas giv^^ tlie most accurate 
results that can be obtained by what is, after all, not an absolute process, 
but the work of Bolton, Richmond and Revis {Analyst^ 1912, 37, 183) gives 
results which are fairly accurate and their formulae have the advantage of 
simplicity; they are quoted on page 412. Cassal and Gerrans {Analyst^ 
359 519) modified the Polenske method by steam-distilling the fatty 
acids from a calcium chloride solution bath at about 145"'. In this way the 
insoluble acid figure for cocoiiit oil was increased from 17, as it is in the 
Polenske method, to about 66 but as, at the same time the figure for butter 
was increased to 15, in place of the 2-5- 3-0 given by the Polenske method, 
the ratio of the figures for butter and coconut oil is not improved upon and 
it is this ratio which, after all, is the important point. 
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TlhLDisiinctim of Dijf^ent Oik of the Same Family , — The formiite 
given above are only applicable when coconut oil is not accompanied by 
palm kernel or some other similar oil or by stearine prepared from them. 
The only oil that at the moment is likely to be used is palm-kernel oil, but 
other oils such as babassu-kernel oil are likely, at any moment, to be 
inj^ported in quantity so that the possibility of their presence must not be 
overlooked. The only oil, apart from coconut oil, that has been worked 
out in any detail up to the present is palm-kernel oil and tables for its deter- 
mination when present in mixtures are given on page 341. 

For the detection and determination of palm-kernel oil and coconut oil 
when present together in mixtures, a problem which ^is not easy on account 
of the great similarity between them, several methods have been suggested. 
The first was that of Burnett and Revis {Analyst, 1913, 38, 255) which depends 
upon the alcohol solubility of the barium salts of the Polenske acids. The 
method is carried out as follows: 

The ordinary Reichert-Meissl -Polenske determination is made in the 
Standard apparatus and by the Standard method. The Polenske figure 
is obtained using N/io baryta. The insoluble barium salts are then filtered 
off on a hardened filter-paper under pressure, and the salts washed three 
times with 3 c.c. of 93 per cent, alcohol (by vol.), the funnel being kept 
covered during filtration and washing. The paper, after all possible alcohol 
has been sucked out, is dropped into a wide-mouthed CO2 flask, ten times 
the Polenske value in c.c.’s of 93 per cent, alcohol (by vol.) added, and the 
flask boiled under a reflux condenser till the barium salts are in solution. 
About 5 c.c. of the hot solution arc then poured rapidly into a strong test- 
tube (6 inches x ^ inch), which is at once closed with a stopper carrying a 
small bulb thermometer and an aluminium wire stirrer. The liquid is rapidly 
stirred, holding the tube in a good light, and the turbidity point noticed. 
The liquid is then warmed till again clear, and the turbidity point again 
noted. This second temperature is taken as the turbidity temperature. 
If desired, the tube can be fixed in a wide tube, so as to obtain slower 
cooling. 

Working in this manner, coconut oil gives a turbidity temperature of 
52-5° and palm-kernel oil, 68*5'' and mixtures of these fats give temperatures 
between these limits proportionate to the percentage composition. The 
turbidity point is very sharp, is independent of the outside temperature, 
and the barium salts, on which the test depends, are quite insoluble in the 
cold alcohol used for the Polenske, determination. The turbidity points 
are also quite independent the amounts of the two fats present in the 
original sample, but determine their relative percentages, and so supply 
the necessary infarmation . The strength of alcohol (93 per cent, by volume) 
must be strictly adhered to if the vdues hen. given are to be employed. It 
is the most satisfactory concentration. Other oils and fats (such as are likely 
to be present) do not interfere. In certain cases small quantities of barium 
salts are insoluble in the boiling alcohol. In such cases a clear solution can- 
not be obtained. 7 ^he turbid liquid is therefore poured into a long test-tube, 
corked, and kept upright in a water-bath at 70° to 71° until the solid matter 
has settled. 'Phe dear supernatant liquid is then poured off into the 
turbidity tube and the temperature of turbidity determined. This process 
does not affect the results. This Permanent turbidity, due to barium salts 
of acids other than those derived from coconut and palm-kemel oils, must be 
distinguished carefully from that due to palm-kernel “ stearine.’* The 
barium salts of the insoluble volatile acids of this “ stearine ** do not dissolve 
in ten times the Polenske value in cubic centimetres of 93 per cent, alcohol, 
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but the liquid becomes more turbid immediately the flask 
the water-bath. , 

The following table gives results which have been obtained by these 
authors : 


j 

is remodid 
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Table CLXVI. — Turbidity Temperatures 


. Fat.' I 

Reichcrl- 

Meissl. 

Polenske. 

Turbidity 

Temperature. 

°C. 

Coconut oil 

7*5 

16-5 

52-5 

Palm-kernel oil 

5‘2 

9*6 

68-5 

„ “ oleine ” . . . . 

• 7-2 

I2-I 

59-5 

,, “ stearine ” . 


8-2 

72-5 

Coconut “ oleine 


1 

1 

P‘°lCalc 

„ “ stearine ” j 

. , 

j 

63-01 • 

„ “ oleine,” 80 per cent. \ | 

Palm-kernel “ oleine,” 20 per cent. | j 

8-24 * 

! 

17*05 

54-5 

Coconut “ stearine,” 60 per cent. ^ 1 
Palm-kernel “ stearine,” 40 per cent. 1 ; 

4-43 

9*93 

67-0 


Another method has been devised by Stokoe {J,S.CJ.y 1921, 40, 57T) 
which depends upon the melting-point of the Polenske acids; this process 
is carried out in the following way : In the standard Reichert-Polenske 
process, after distilling no c.c. the liquid is cooled and the insoluble acids 
collected on a filter; the condenser tube is rinsed down with 20 c.c. of warm 
water (30°-40°), which is poured over the filter. The filter-paper is washed 
with warm water (30°-40°), and as soon as the last drop of water has drained 
through, several capillary tubes (internal diameter of i mm.) are filled to 
the depth of A in. with the no\Y melted acids. Two of the tubes are imme- 
diately attached, one on either side, by means of a small rubber band, to 
a thermometer graduated to read i/io", and the thermometer fitted into a 
test-tube by means of a c(jrk having ^ hole through which the thermometer 
is placed. The tube is supported in a beaker containing ether, the surface 
of which should be above the level of the acids in the capillary tubes. A 
rough idea as to whether the bulk of the acids is from palm kernel or coconut 
will have been obtained from the appearance of the acids in the original 
Reichert-Polenske distillate. If the acids are solid at ordinary temperature 
it is necessary to warm the ether to about 30^’. A gentle stream of air is 
forced through the ether by means of a foot bellows so as to lower its tem- 
perature gradually, the rate of cooling being so adjusted that the temperature 
of the ether is 2^" below that registered by the capillary tube thermometer. 
As the cooling progresses tlje fatty acids will become slightly cloudy, then 
a distinct “ seeding ” or crystallising will occur. At the first appearance 
of crystals the temperature is noted. This “ seeding-point ” is quite definite 
and sharp. At this point the acids in the capillary tubes appear liquid 
with a number of tiny white crystals along the sides of the tube. It is 
important in performing the test that the rate of cooling should be 
regular. 
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Thd 

method 


L^fbllowing 


tables show the results obtained by Stokoe by this 


Table CLXVIL— Stokoe’s Results on Mixtures Containing 
ONLY Coconut and Palm-Kernel Oils 


Coconut. 

Palm-kernel, j 

“Seeding" 

Point. ®C. 

Average. ®C. 

Per cent. 

Per cent. 




85 

*5 

ril*8 11*6 
\ 1 1 *9 1 1 *6 

1 1 *6 . . 1 

12*0 I2‘0j 

11*8 

75 


(us 13-4 

113-2 13-5 

13-2 13-2) 

13-2 i3-oj 

i3'4 

60 

40 

/I57 15-3 

liS-4 15-3 

15-6 is-6’1 

15-3 15-6/ 

15-5 

so 

50 

/i6-9 

U6-8 

17-01 

17-0/ 

16-9 

40 

60 

ii7-9 

U7-9 

*7-9\ 

i8-oj 

17-9 

25 

75 

/I9-6 

U9-4 

i9-4\ 

19-SI 

19-5 

10 

90 

(21 -6 

I217 

22-0) 

22*0 j 

1 

21-8 

1 


Four samples of coconut oil of different origin and the same number 
of palm-kernel oil were examined. The highest figure for the “ seeding- 
point ” of coconut oil acids was ii*4° and the lowest, 9-9°; average, 1075°. 
The figures for palm-kerne) acids were : highest, 23*2°; lowest, 22*05°; 
average, 22 75°. 

Table CLXVIIL— Stokoe’s Results on Mixed Fats 

I. — Containing 30 per cent. Oleo, 10 per cent. Cotton-seed Oil, 60 
per cent. Coconut or Palm-Kernel Oil or Mixtures of Them 


Relative Proportions of Coconut and 
Palm-kernel Oils. 


“Seeding" Point. 
°C. 


Average. 

°C. 


Coconut 100 per cent { ^ 

Ui’3 

Palm-kernel 100 per cent. . . . (23*5 

\23*5 

Coconut 75 per cent., palm-kernel (14*5 

25 per cent \i4’5 

Coconut 50 per cent., palm-kernel (17*6 

50 per cent \i7*5 

Coconut 25 per cent,, palm-kernel 120-4 
75 per cent 120-4 


II-6 . ii-a] 

11*5 11-4/ 

23 71 

23 7 j 
14-0) 

; 14-ii 

17-61 
17-5/ 

20*9 20*6j 

21*0 20*3/ 
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a. — C ontaining 50 per cent. Or,so, 20 per casNT. Cotton^SebdOil, 30 
PER CENT. Coconut or Pal^-Kbrnel or Mixtures of TipM . 


Helative Proportions of Coconut and 
Palm-kernel Oils. 


" Seeding" Point. 
°C. 


Mean. 

“C. 


Coconut 100 per cent 

Palm-kefnel loo per cent. . 

Coconut 33 per cent., palm-kernel 

66 per cent 

Coconut 50 per cent., palm-kernel 

50 per cent 

Coconut 66 per cent., palm-kernel 
33 per cent 


fl2-0 

120 

I2'0l 

\ii-9 

120 

I2-oi 

(24-0 

24*0 

•• i 

\24-0 

24*1 


fzo-o 

19*6 

19-9 i9-8\ 

\ 20 -I 

19-5 

19-8 197/ 

fi 7-8 

17-2 

17-8 177) 

[ i8-2 

17-3 

17*6 i7*8J 

H6-6 

i6*2 

i6‘2\ 

U 6-4 

i6-2 

i6-4j 


12*0 

24*0 

19*8 

177 

i6*3 


It will be observed that the presence of other fats raises the ‘‘ seeding- 
point,** but that, ighly speaking, parallel lines are given on the graph. 
Thus in the analysis of an unknown fat mixture it will be necessary first to 
ascertain the approximate quantity of the coconut group of fats present by 
determining the saponification value and the Rcichert-Polenske value. 
Reference is then made to the corresponding line or intermediate line if 
necessary on a graph diagram,* and from this the relative proportions of 
coconut and palm-kernel oils are read off. 

Stokoe states that the method can be readily carried out as an extension 
of the standard Reichert-Polenske method, the contents of the capillary 
tubes being added to the alcoholic solution of the remainder of the insoluble 
acids and the whole being titrated as usual to obtain the Polenske value. 

The following table shows the results obtained by Stokoe on margarine 
samples of known composition. 


Tablii CLXIX. — Stokoe’s Results on Margarine of 
Known Composition 


Relative Proportion 
of Coconut 
and Palm-kernel in 
Sample. 



Sap. 

Value. 

1 

j Reichert 

1 Mcissl. 

• 

Polenske. 1 

1 

" Seeding ’’ 
Point. 

Relative Propor- 
tion of Coconut 
and Palm-kernel 
indicated. 

Palm-kernel ioo% . 

5287 

4*05 

6*1 j 

23*5 

100% P.K. 

100% . 

208 *2 

1-36 

1*3 

24-0 

100% P.K. 

Coconut 100// . . 

2237 

501 1 

6*4 1 

11*8 

100/ C.N. 

„ 100% . . 

246-3 

7'iS 1 

1 13-0 

11*5 

100% C.N. 

.. 50% • \ 

Palm-kernel 50% ) 

Coconut 25% \ 

Palm-kernel 75^ j 

244-1; 

1 5'6 i j 

' 1 1 -2 j 

i6*9 

1 51% C.N. 

1 49% P-K. 

228*1 

1 

4-35 i 

i 

i 

7*3 ; 

1 

j 

20*6 

/ 26% C.N. 

1 74% P-K. 


A graph ia given in the reference cited above. 
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The* method has recently been exan^ined at some length by GUmour 
(Anafys^igzS, 50# 119). As a result of, this work Gilmour arrived at the 
following conclusions : 

1. In mixtures containing only coconut and palm-kernel fats the de- 
termination of the melting-point of the insoluble volatile acids enables 
the quantity of either fat to be estimated to within 5 per cent, of the actual 
ambunt present. 

2. In mixtures containing coconut*>or palm-kernel fat or both, and at 
the same time other fats, (i) holds when the per cent, of coconut group fats 
is above 70. When the per cent, is below 70, the method is not sufficiently 
accurate to enable the coconut and palm-kernel fats to be separately de- 
termined, but they can be estimated together as the percentage of coconut 
group fats with an accuracy of approximately 5 per cent. When mixtures 
come under this category the melting-point will often indicate whether 
coconut or palm-kernel fat or both fats are present, and also which of the 
two predominates. 

In the original paper, which should be consulted, a large number of 
tables are given. The following are selected for reproduction here : 

Table CLXX. — Mixtures of Coconut and Palm-Kernel Fats 


Coconut Fat I 
per cent. 

1 -kerne l Fat 

i per cent. 

Total Distillation 
Figure. 

M.Pt. of Insoluble 

1 Volatile Acids. °C. 

100 

1 ■ 

j 0 

21-0 

1 

9*6 

90 

1 10 

20*2 

I 97 

80 

j 20 

19-5 

i “-I 

70 

i 30 

187 

12-5 

60 

! 40 

i8'0 

14-2 

so 

1 50 

17-2 j 

15-0 

40 

1 60 

i6*5 1 

i6-6 

30 

70 

157 ! 

i 7'5 

20 

80 

I 5'0 ! 

20-0 

10 

90 

H-? I 

20-9 


Table GLXXI. — Mixtures of Coconut Fat and Lard 


Coconut Fat 
per cent. 

Lard 

cent. 

Total Distillation 
Figure. 

M.Pt. ol Insoluble 

1 Volatile Acids. 

: °C. 

I 

100 

0 

1 

21*0 ! 

1 

10*0 

80 i 

20 

16-9 

10-3 

60 

40 

12-8 

12-0 

40 

60 

8-8 1 

14*8 

20 * 

80 

4-7 ; : 

19-0 

10 

90 j 

2-6 ' j 

26-1 

0 ' 

1 

100 j 

1 1 

0*6 

1 

45-1 


It is to be regretted that these determinations were not carried out with 
the more generally used Polenske process. 
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A third method and, possibly^ in some respects a better method, has 
been suggested by Elsdon (Analyst^ 1917, 42, 298) which depei^s upon 
the relationship between the amount of coconut oil indicated by th^Volenske 
value and that indicated by the Shrewsbury and Knapp value (page 158). 
The reason for this is that coconut and palm-kernel oils give practically 
identical Shrewsbury and Knapp values, whilst, of course, the Polenske 
values are considerably different. It follows, therefore, that palm-kernel 
oil is indicated in those cases where»the amount of coconut oil calculated 
from the Shrewsbury and Knapp value is greater than the amount calculated 
from the Polenske value. 

In cases where palm-kernel (the possibility of the presence of some 
other oil of like character must not be lost sight of) oil has been indicated 
by any of the above processes a check may be obtained by means of a study 
of the j*elationship between the Reichert and Polenske values of the mixture. 
In the absence of butter fat (in the presence of butter fat the amount can 


Table CLXXII.- -Reichert and Polenske Values of Coconut 
AND Palm-Kernel Oils 


Palm- 





Percentage ot Coconut Oil. 



kernel 

Process. 



















1 80. 



Oil per 

cent. 


0. 

10. 

20. 

3 «- 

| 40 , 

5 <>* 

1 ()0. 

70. 

90. 

100. 

0 

Reichert 

0 

b 

2*0 

3*3 

4*4 

5*2 

5*7 

6*3 

6 *'6 

6-9 

7*2 

7*4 


Polenske 

0*4 

1-4 

2*3 

3*5 

5*1 

6*8 

9*4 

11*8 

13-8 

15*2 

i6*8 

10 

Reichert 

1-2 

! 2*5 

3-6 

4*7 

5*5 

6*1 

6-5 

6*8 

7*0 

7-3 



Polenske 

1*2 

‘ 2-1 

3*6 

4-8 

6-5 

8-4 

10*6 

12*4 

14*6 

i6*6 


20 

Reichert 

1-8 

3-3 

4*2 

5*0 

5*7 

6*3 

6*6 

6-9 

7*2 




Polenske 

17 

2*6 

4*4 

5-4 

7*6 

9-6 

11*5 

13*3 

15*4 



30 

Reichert 

2-2 

3*7 

4*7 

5-2 

5*9 

6-5 

6-7 

7*0 





Polenske 

2*5 

3-6 

5*1 

7*2 

8*8 

10*3 

12*5 

14*4 




40 

Reichert 

2-6 

4*0 

5*0* 

5*5 

6*2 

6-6 

6*8 





Polenske 

3*2 

5*1 

6*8 

8-4 

9-S 

11*8 

14-0 





so 

Reichert 

3*1 

4*4 

♦ i 

5*3 

Vs* 

6-4 

. 67 







Polenske 

4*3 

6-0 

8-0 

9-3 

n-a 

13*0 






60 

Reichert 

3*5 

5*0 


6-1, 

6*6 j 

• • ^ 

1 

% 





Polenske 

5-6 

7*6 

9-1 

10-8 

12*6 1 

! 

*■ 1 


1 




70 

Reichert 

3*9 

5-2 

5*9 

6-3 

' ' ! 



i 





Polenske 

6*2 

8-s 

9*7 

12-3 

i 







80 

Reichert 

4*3 

5*5 



I 

* * i 


■ > 






Polenske 

7*4 

1 

9*5 

I*S 


.. 1 

i 







90 

Reichert 

4*7 

5*6 

* • 1 










Polenske 

8-6 

10*6 

. . 1 









100 

Reichert 

4-8 







1 





Polenske | 

97 







1 
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be determined by the Kirschner procesf and allowed for) the Reichert and 
Polenskc values will have, should coconut oil only be present, the definite 
relationSi^jp shown in the table on page 341, but where a greater or less 
amount of palm-kernel oil is present this relationship is altered, as shown 
above, the Reichert being proportionately less or greater. From a considera-' 
tion of this table, along with the others mentioned, a very close approximation 
to*the actual amounts of the oils present can be made. 

Where the determination of the •amounts of these oils present in a 
mixture is at all important a mixture should be made having a composition 
similar to that which has been assigned to the unknojvn substance and the 
experimental results obtained with the two mixtures, determined under 
similar conditions and in the same apparatus, compared. 

Other methods have been suggested for the determination of coconut 
oil and the calculation of the amount present in mixtures from the, results 
obtained. Thus Gilmour {Analyst, 1921, 46, 183) makes use of the M.Pt. 
of the Polenskc acids and his method may be used with advantage as a con- 
firmatory test. Other and less important suggestions have been made by 
Meurice {J.S.CJ., 1921, 40, 484A) and by van der Laan (J.S.CJ., 1923, 
42, 287A). An oxidation method proposed by Hodgson has, unfortunately, 
proved to be unreliable. {Analyst, 1908, 33, 49, 122, 189.) 

Coconut Oleine and Stearinc . — Coconut oil is at times separated into the 
lower and higher melting constituents. The natives, for example, frequently 
express a portion of the oil in the cold and obtain an oil which is used locally 
as an edible oil and which does not come on the market in any quantity. 
Such an oil has a M.Pt. of about 20 ’. A certain amount of coconut stearine 
is produced for use as a cacao butter substitute and for such a produce 
Lewkowitsch has suggested the name “ chocolate fat a name which, in 
the opinion of the author, is, for obvious reasons, highly objectionable. 
The oleine is usually used for soap making. 

The following constants have been obtained for these products by 
various obser\'ers : 

Table CLXXIII. — Constants of Coconut Steaiune and Coconut Oleine 
I . — ^C ocoNUT Stearine 


Observer, 

Sap, 

Value 

Iodine 

Value. 

R.M. j rolcnske 
Value. ! Value. 

M.Pt. 

Titre 

Test. 

Sachs . 

■ 252 i 

4 -0-4 '5 

3-4 i 

29-5 

27-4 

Knapp 
Blichfeldt . 

.j2S» 2J8 

3 •8-9-4 

3-9-4-2 II-I-I2-I 
. . ) « . . 

26-4-32-0 

, , 

Lewkowitsch , 

•1251-2571 

1 ! 

4 *0-6 -6 

3-3-6-3 ; 

26*4 


{Analyst, 1908, 33. 123. Ibid., 1912, 37, 3. J.S.C.I., 1919, 38, iSoT.) 


2. — Coconut Oleine 


Observer. 

Sap. 

Vdl. 

Iodine 

Value. 

Ri'M. 

Value. 

Polenskc 

Value. 

M.Pt. 

Titre 

Test. 

Knapp 

Lewkowitsch .... 

. 

! ^ 

14-8 1 

p 

GO CO 

23-2 

i 


20*3 
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** The Determioation of Alk|di and Soap in Coconut Oil.” 0W, L. 
Brooke. J.S.CJ., 1924, 43, B^86. 

** The Determination of the Fatty Acids in Coconut Oi^^oaps.” 
J. Grossfeld. J.S.CJ., 1925, 44, B214. 

Palm-Kernel Oil 

Source.-grThc oil is obtained by expression or extraction from tlie 
kernels of the palm fruit guineSisis. The fruits, which are described 
under palm oil on page 315, usually contain one kernel, although palms 
cultivate^ in East Africa somewhat frequently contain two. As far as 
England is concerned the trade in palm kernels (the kernels are usually 
imported as such and much oil is expressed in Hull and Liverpool) has entirely 
arisen since the European War of 1914-1918 and almost the whole of the 
imports which now amount to over 200,000 tons per annum are used for 
home consumption. The kernels are exported from West Africa more than 
half coming from Nigeria. 

After the pulp of the fruit has been removed for the preparation of palm 
oil the nuts are dried and then cracked. Until quite recently the cracking 
of the nuts was done by striking each one separately between two stones, 
obviously a slow and laborious operation and onfe which does not lead to a 
high output. Several attempts have been made to introduce portable nut- 
cracking machines which are now being used to a considerable extent to 
supplement manual labour in spite of the cheapness of the latter. It is 
quite possible that methods will be improved and the oil palm cultivated on 
sound lines thereby improving the quality and output of the products. 

The kernels arc screened, separated magnetically and ground betw^cen 
rollers. The expression is usually carried out in two stages, the second at 
about 60°, the first at some 10" lower. The kernels contain about 49 per 
cent of oil, the usual variations being from 44-53. 

Palm-kernel cake is a valuable feeding stuff for cattle which has come into 
some prominence during comparatively recent years. From experiments 
which have been carried out by various observers {Analyst, 1918, 43, 63; 
1919, 44, 204; 1921, 46, 138; J.S.CJ., 1915, 34, 1108; 1916, 35, 860, 
1231), the cake is very readily digestible, improves the yield of milk and 
compares favourably with other"cakes in its keeping properties. 

Composition . — The composition of palm-kernel oil was first elucidated 
by Valenta who found caproic, caprylic, capric, lauric, inyristic, palmitic 
and oleic acids. Jensen fcAind butyric acid to be absent. The subject has 
been further investigated by Elsdon {Atialylt, 1914, 39, 78) and by E. F. 
Armstrong and Allan {J.S.C.I., 192^ 43. T207) who find the approximate 
relative amounts of the fatty jcids present as follows. ^ % 

Elsdon. Armstrong ..nd Allan. 


Caproic 

2 


Caprylic . 

5 

3 

Capric 

6 

6 

Lauric 

55 

50 

Myristic . . 

12 

16 

Palmitic . 

9 


Stearic 

7 

1*0 

Oleic .... 

4 

16-5 

Linolic 


i-o 


E. F. Armstrong, John Allan and Watson Moore {J.S.CJ., 192$, 44# 
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i43T)thavc reinvestigated the problem, and find the following composition 
together with traces of caproic acid : 


Caprylic acid . 

3% 

Capric acid 

3% 

Laurie acid 

52% 

Myristic acid . 

n/ 

15/0 

Palmitic acid . 

7 * 5 % 

Stearic acid (?) 

. . • 2*5:::: 

Oleic acid 

1 67 

Linoleic acid . 

• 1% 


Salway (J.S.CJ.y 1917, 36, 1184) has discovered about o*i per cent, of 
methyl -nonyl ketone in the oil to which at least a portion of the odour of 
the oil is ascribed. 

The actual glycerides present have been examined by Bdmer (f.S'.C./., 
1923, 42, 1232A) and by Bdmer .and Schneider (J.S.CJ., 1924, 43, B478), 
These authors were unable to detect the presence of caproic or stearic acids 
and they found that palm-kernel oil was composed almost entirely of the 
following glycerides. Caprylo-myristo-olein, M.Pt., 13*9°; myristo-dilaurin 
M.Pt., 33*4*^; lauro-dimyrj^stin M.Pt., 40*0°; palmito-dimyristin M.Pt., 45*2® 
and myristo-dipalmitin M.Pt., 51*4®. It is not easy to reconcile the work of 
these various observers. Both Bomer and Schneider and Armstrong and Allan 
failed to find caproic acid, although the fraction obtained by Elsdon by the 
method of alcoholysis boiling at 63°-76° at 14 mm. could scarcely be anything 
else but methyl-caproate. It would seem desirable that further work should 
be done on this question to discover how oils from varying sources may 
differ in composition. Heiduschka and Burger (J.S.CJ.y 1915, 34, 668) 
found caproic acid but no stearic. 

Table CLXXIV. — Constants of Palm-Kernel Oil 


Authority. 

Sap. Veil Keichcrt. | Polenske. j 

.1 - ! 

I.V. 

1 

' Heiduschka and Burger . 

1 1 

253-4 6-6 9-4 j 

« 1 

15*0 


® Ellis and Hall . . . ! 

16-23 

, , 

» Trim 1 

i . . . . ' . . 1 

1-4510 

^ Fryer 

1 



^J.S.CJ.y 1915, 34, 668. ^J.S.CJ.y 1919, 38, 128T. 

^J.S.CJ.y 192^ 3^9, 307'^* '^J.S.CJ.y 1918, 37, 262T. 

% « 

Palm-Kernel Stearine . — Sachs (Analysty 1908, 33, 124). M.Pt., 32°; 
Reichert, 2*2; Sap. val., 242; I.V., 8; titre, 28*5°. 

The following constants have been found by Andr^ and Guichard for 
what they call “ Murumuru, an American palm-kernel fat.” 


M.Pt , . 34-35 C. 

• • 0*918 

I -4535 


Saponification val 240-241*5 

Iodine value 11*2-11*5 

Reichert 2*8-3*! 

Polenske 6*9 
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Caprylic and capric adds were f9und but no caproic and also poasibly 
arachidic. 

Properties and Special Tests. — Palm-kernel oil is practically indis^guish- 
able in appearance and properties from coconut oil to which it is afo closely 
allied in composition. The chief difference between these oils is the con- 
siderably lower amount of volatile acids which is contained in palm-kernel 
oil as is shown by the considerably lower values obtained for the Reichert 
and Polenskef values. • 

As is the case with coconut oil, palm-kernel oil is not very likely to be 
adulterated, but tests for purity may be applied along the same lines as those 

Table CLXXV. — Reichert, Polenske and Kirsciiner Values of Palm- 

Kernfl Oil 


Palm- 
kernel 
Oil per 
cent. 

• 

Process. 

Perccjilagc of Butter Fat. 


0. 

! Dili. 

1 

Expt. 

2. 


i 

1 

j Expt. 

10. 


Expt. 

Calc. 

Calc. 

oconu 

DifT. 

! Calc. 

Ditf. 

0 

Reichert 

Polenske 

Kirschner 

0-6 

0-4 

0-2 


Sec C 

t-Oil Table 




Reichert 

1-8 

^*4 

-0*4 

2*3 

i 2*0 

-0-3 

I 4*6 

1 

i 

-0-3 

20 

Polenske 

1*7 

2*3 

0-6 

17 

2*3 

0-6 i 1*9 

2-5 

0-6 


Kirschner 

0*5 

0-4 

— o-i 

0-9 

0-8 

“0-1 

‘ 2*9 

! 2-6 

-0-3 


Reichert 

2-6 

2*3 

-0*3 

3*2 

2-9 

-0*3 

1 

■I 

5*2 

0-0 

40 

Polenske 

3*2 

4*1 

0*9 

3*2 

4*1 

-0-9 

1 3*5 

4*3 

0-8 


Kirschner 

0-6 

0*5 

— 0-1 

i-o 

0-9 

— O'l 

3*0 

2*7 

-0-3 


Reichert 

3*1 

27 

-0-4 

3*6 

3*3 

-0*3 

5-6 

5-6 

0-0 

50 

Polenske 

4-3 

51 

0-8 

4*3 

5*^ 

0-8 

! 4*7 

5*3 

0-6 


Kirschner 

0-8 

0-6 

-0-2 

i*i 

i-o 

— 0*1 

3*2 

2*8 

-0-4 

i 

Reichert 

3-5 

3*1 

-•^0*4 

4-0 

3*7 

-0*3 

6*0 

6-0 

0*0 

60 

Polenske 

5*6 

6-0 

0*4 

5-6 

6-0 

0-4 

6-0 

6-2 

0-2 


Kirschner 

0*9 

0-7 

~0*2 

* 

,1-3 

i-i 

-0*2 

3*3 

j 2-9 

-0-4 


Reichert 

39 

3*5 

-0-4 

4*4 

4-1 

-0’3 

6-5 

1 6-4 

— O-I 

70 

Polenske 

6-2 

6-9 

0-7 

6*2 

6*9 

07 

6-6 

1 7*1 

0*5 


Kirschner 

0-9 

0-8 

1 

—o-i 

1*3 

1-2 

—0^1 

^•5 

3*0 

-0*5 


Reichert 

4-3. 

4-0 

-0-3 

4*7 

4-6 

-O-I 

6*9 

6-9 

0-0 

80 

Polenske 

7-4 

7-8 

0*4 

7*5 

7-8 

0-3 

7-8 

8-0 

0-2 


Kirschner 

0-9 

0-8 

— o-i 

1*3 

1-2 

— O-I 

3-5 

3*0 

-0-5 


Reichert 

47 

4*4 

-0-3 

5*1 

5*0 

-^o-i 

7-3 ! 

7*3 

0-0 

90 

Polenske 

8-6 

8-8^ 

0-2 

8-6 

8-8 

0-2 

8-9 ! 

9-0 

O-I 


Kirschner 

0-9 

0-9 

0-0 

1*3 

1*3 

0-0 

3-6 ! 

1 

3*1 

-0-5 


Reichert 

4-8 



• • 1 






100 

Polenske 

9 7 





i 





Kirschner 

i-o 

• • i 


• • i 


1 

1 





Butter =» Reichert 1:8-5, Polenske 2-2, Kirschner 22-0 
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for coconut oil on page 334. The nf^rmal figures for palm-kernel oil are 
saponification value, 247, iodine value, 15-20, Reichert value, 5*5, 
Polensl^ value, 10, and any oil having characters of this nature may be 
accepted as genuine, provided that it is apparently normal in other respects. 
The general standards for purity of edible palm-kernel oils are similar to 
those for coconut oil, page 324, in fact most of the remarks on coconut oil 
apply with almost equal force to palm-kernel oil. 

There are no special tests for pakn-kernel oils beyond the determination 
of the Reichert, Polenske, Kirschner values and deduction from these and 
from the various methods of distinguishing palm-kernel from coconut oils 
as outlined on pages 334 et seq. The proportion of palm-kernel* oil present 
in a mixture from which coconut oil is absent may be determined from the 
formula 

7P K 0 _ (P-°’^-°'°3B)xioo 
‘ ‘ ■ 10 

Where P is the corrected Polenske obtained by adding the appropriate 
correction from the above table to the experimental value and B is the 
percentage amount of butter fat if present. 

When coconut oil is present in addition to palm-kernel oil, the methods 
for ascertaining this are fiilly given on pages 334, etc., the table on page 341 
must be used and in addition it may be advisable to use the Shrewsbury 
and Knapp method which gives practically identical results with palm- 
kernal and with coconut oils. (Cf. The kernel oil of Cocos syagous and other 
kernel oils under palm oil, page 320.) 

Atta-Sj-ed Oil 

This oil is obtained from the seeds of PentaeJethra tnacrophylla^ the 
seeds of which are known by various names by the natives of West Africa, 
such as Maboula Panza, Attawa, Atta, Odu, Fai, Owala, Fulla Panza, Nulla 
Panza, Opochala. The seed oil of Pentaclethra Filamentosa is somewhat 
similar and is known as Paroa-eaxy. The oil has not come into general 
use, as up to the present no quantity of the oil has reached this country. 
Bolton and Hewer, however, consider that the oils from both sources may 
be edible so that supplies may arrive at any time. 


Table CLXXVI.— Characteristics of Atta-Seed Oil 


Authority. 

S.G. 

i5°- 

M.Pt. 

®C. 

• 

Sap. 

Value. 

lod. 

Value. 


i 

Titre. 

T. 

R.M. 

Pol. 

Free 

Acid 

D' 

/U 

Unsap. 

% 






- • -- 1 






Lewkowitsch . . | 

0*916 

22-24 

168- 

86- 

1-4654 

, 52 

. . 



, , 




203 

99 







Wagner and Mues- 










mann {J.S.CJ., 
1914, 33, 1098)®. 

0-916 


181-9 

99-5 

1 

1-4637 


6-5 

o-s 

10-3 

. . 

^ Bolton & ® Hewer 

0-917 

i8*4 

181-3 

100-4 

1*4644 

.. 

.. 


0 

6 

00 

>•37 

(A., 1917, 42, 43) 

177-0 

69-0 

1-4612 



• • 

0-20 


1 =P. macrophylla, * =P. Filamentosa. 

® (Cf. ibid., 1906, 25, 893; 1907, 26, 699; 1910, 29, 1019.) 
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Bolton and Hewer state that the oil of P. macrophylla is mixed, with 
that of Irvingia barteri to make Dika bread,” 

/ 

Babassu-Kernel Oil 

Source . — This oil is obtained from the kernels which are derived from 
a species of Attalea probably A. funtfera, Mart, which is closely allied to the 
Cohune palnf (A. Cohune, Mart). This grows to a considerable extent in 
Brazil where it is known by a variety of names as Caco babassu, Bassoba, 
Curcia, Coquilho, Coquilla, Cognito and Vaua-assu. The fruits have been 
carefully described by Bray and Elliott {Analyst ^ 1916, 41, 298) and by 
Bolton and Hewer {ibid.y 1917, 42, 42), the latter authors giving a useful 
illustration. The kernels contain from 65-68 per cent, of oil which may 
be extracted in a similar manner to palm-kernel oil. Bray and Elliott 
stated in 1916 that “ At first the oil was extracted by hand-shelling but 
machinery has now been installed and supplies on a large scale may be 
expected.” Several thousand tons have actually been received in this 
country but oil pressers and manufacturers are not prepared to accept 
comparatively small quantities when future deliveries cannot be guaran- 
teed. For this and other reasons the oil has net come into general use. 
The kernels contain about 4-5 per cent, of moisture and 65 per cent, 
of fat. 

The press cake should prove to be a valuable feeding stuff as it has a 
nutritional value about equal to coconut cake and somewhat superior to 
palm-kernel cake. 

Composition . — The composition of this oil has not yet been fully elucidated 
but it resembles coconut oil and palm-kernel oil, being closely allied to the 
latter. It is very similar to Cohune kernel oil although it has a somewhat 
higher iodine value. 


Table CLXXVII. — Characteristics of Babassu-Kernfl Oil 


Authority. 

S (L 

Sap. 

; Acid 

Iodine 

.. .. , M Pt. 

e,ii&kf ' X. 

i ; 

Unsap. 

iof) 7 i 5 °. 

Value 

(Value 

Value. 

Matter. 

Bray and 


• 

• • 


; 


Elliott 

0-868 

i 249 

1 S‘S 

' 15-6 

5*8 , 10*2 26 

i 

Bolton and 
Hewer 


246*9 

j 

' 2-8 

. 16-3 

. . .. ; 26-1 

1 

0*3 

Gardner 

• 

261 

1 

i 

. . ! . . 1 



The oil itself being cheap is not likely to be adulterated but it is quite 
possible that if and when it becomes a commercid proposition, it will be 
used as a substitute for cacjjo butter and similar purposes. The methods 
of detection and determination are similar to that for palm-kernel oil (q.v.). 
As in the case of other oils of this family it is possible that the ratio of the 
Reichert to the Polenske value will be of assistance in the determination 
of the amount present in mixtures but no work along these lines has yet 
been done on tlus oil. 
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Cohune-Nut Oil 


This oil is obtained from the kernels of the cohune palm, Attalea cohune^ 
Mart., a plant which is abundant in British Honduras and neighbouring 
countries. Although the tree is so abundant and the supplies of the fruit 
almost unlimited these products have not been explofted to any gfeat extent. 
This is due to some extent to the difficulty in cracking the nuts which are 
extremely hard. Machines for this purpose have been introduced into 
British Honduras but do not seem to have been particularly successful. 
On the other hand large amounts of palm-kernels are even now bbtained 
by hand labour so that the possibility of the appearance of quantities of this 
oil on the market are not remote. 

The fruits resemble the babassu fruit and contain one or more kernels 
which, however, are shorter and rounder than babassu kernels. The kernels 
contain 65-70 per cent, of a white crystalline fat resembling coconut oil in 
appearance and smell. Very little work has been done on the values of this 
oil so that the figures given in the following table must not be taken as being 
the extreme limits for this oil. It is desirable that further figures be obtained 
for this oil, and also for oils of the same class. {Analysty 1913, 38, 433; 
19 I 4 » 39 . 396; 1916, 300; 1921,46,100.) 


Table CLXXVIII.— Values of Cohune-Nut Oil 


Observci. 

S G. 

Acjd 

Value. 

Sap. 

Value. 

Iodine 

Value. 

R.M. 

Pol. 

Unsap 

per 

cent. 

Titre. 

°C. 

M.Pt. 

°C. 


Imperial 

Institute 

0-864 

0-871 

1 

1*2- 

20*4 

252-4- 

256-5 

II-O- 

13-7 

6-8 & 
8-3 ■ 

12-5 to 
' 5-4 

0-23 

0-28 

19-7- 

21-0 


• • 

Clayton . 

) 


254- 1 

260 

g- _ i .. 1 .. 

, 12-5 1 : ‘ 1 

25- 

29 

22- 

1 

j 

1-4490 

1-4496 


' - <1 ^ r 

Various other species of Attalea have been examined from time to time. 
Thus Grimmc [Analysty 1910, 35, 536) examined the oil from a species 
of Attalea (possibly A. spcciabilis) found in America from the mouth of Rio 
de la Plata to Honduras. He found the constants given in the table below. 
The oil from A. spcctabilis has been examined at the Imperial Institute 
(Ajtalvsfy 1921, 46, 50). It was described as curua palm-kernel oil and is 
considered by Bolton to be identical with babassu oil; the constants are 
given below. The Imperial Institute also described another species of 
Attalea closely related to the Corozo palm previously described [Bull. Imp. 
Inst.y 1917, 15, 479) as Scheelea or Attalea excelsa but now thought to be 
more nearly applied to Scheelea insignis. The fat resembles coconut 6il 
in its general properties. Figures are given in the following table : 
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Table CLXXIX.— Comparisons of ‘Oils from Various Species of Attalea 

( 


Observer. 

M.Pt. 


Acid 

Value, 

Sa^. j Iodine 
Value. ‘ Value. 

1 

R.M. Pol. , 

' Unsap. 

I per i 
j cent.*! 

^itre. 

°C. 

M,Pt 

Acids. 

®C. 

Grimme . 

24-5 

1-4491 

8-1 

( 

256-6 i 3-6 

1 

.. 1 .. 

1-08 

1 

38-5 

^ Imperial 
* Institute . . 

23-6 

1-4470 

1-2 

« 

1 259-5 8-9 

\ 

! 6-3 15-6 

i 

0-36 

24*6 


• Imperial 
Institute . . 

24*0 

I i 

1*4490 1 2*3 1250*9 10*8 8*6 ! 10*8 

1 ! 

; 0-4 1 

1 


^ A, spectabilis, curua palm oil. ^ Scheelea insignis, “ Mamarron.” 


Some older figures for some of the species of Aitalea (A. maripa) are 
quoted by Lewkowitsch under the heading of maripa fat, where the tree 
is stated to be indigenous to the West Indies and the kernels to be known 
in Brazil as Urukuri nuts. The commercial fat* is stated to be obtained 
from several species including Maximiliana maripa^ Drude (cf. M, regia^ 
Mart, below). 


Table CLXXX.—Valuks for Maripa Fat 


Observer. 

M.Pt. 

X 

Snp. 

Value 

i Iodine 

1 ^ alue. 

i R.M. j 

M.Pt. AckLs. 

1 

Maeceuw 

26-5 

1 . 

270*5 

17-4 

r ■;■■■■ 

! 4-5 ' 25 

27-5-28-5 

Bassiere .... 

j 23 

259*5 

i 9-5 


i 

i 

Frank & Gnadingcr 

j .s-s 

349 

t 

; ih'O 

! 10-5 , .. 



The results of Frank and Gnacj^^ger are interesting as their saponification 
value is very high and sujfports their staterpent that the fatty acids of the 
oil consist largely of caproic, caprylic and capric acids, lliey state that 
the oil was obtained from A, cxcclsa. The results should be compared 
with those which the Impcriiil Institute obtained Jpj^thc'iqiecies of Attalea 
allied to Scheelea insignis showing that there would appear to be a con- 
siderable difference in i:he composition of these oils. 

Cokerite-Kernel Oil. — This oil, which is obtained from Maximiliana 
regidy Mart., resembles cohune-nut oil and the other oils of the same class. 
The nuts and the oil have been described by Bray and Ivlliott {Analyst, 1916, 
41, 299) and by Bolton and Ilew^er {Analyst, 1917, 42, 39). The fruits 
resemble to some extent collune nuts and arc more pointed and somewhat 
smaller. The structure of the fruits is analogous to those of the oil-palm. 
The pericarp is tough and fibrous externally but soft and pulpy internally. 
This pericarp contains about 15 per cent, of oil resembling palm oil having 
acid value, 28*6; saponification value, 211*6; iodine value, 51*4 and titre, 
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25*5, The kernels yield about do per fcent. of a hard cream-coloured tsA 
similar to palm-kernel oil. Figures for^the oil are given below* 


c Table CLXXXL— Values for Cokerite-Kernel Oil 


Observers. 

1 

M.Pt, 

°C. 

Titre. 

‘»C. 

Acid 

Value. 

Sap. 

Value. 

Iodine 

Value. 

R.M.| 

Pol. 

Unsap. 
per cent. 

«««. 

Bray and Elliott 

27 

24-2 

3 ‘i 

253 

13 

3.0 

7*0 

0-3 


Bolton and Hewer . 

28-5 

1 


1 

1 07 

240*9 

i i6*6 

! 

” 



1-451; 


Dika Fat 

Dika fat is prepared from the seeds of various species of Irvingia such as 
/. harteri and I. gahonensis which grow largely along the coast of West 
Africa, The kernels are used together with the seeds of Pentaclethra macro^ 
phylla in the preparation of Dika bread which is a staple article of food among 
the natives (Bolton and Flewer, Analyst^ I9i7> 42* 35). The substance is 
prepared by removing the kernels from the shells, grinding them with a 
small quantity of water and seasoning material and finally moulding into 
cakes. 

The nuts (and sun-dried nuts) were first examined by Lewkowitsch 
{Analyst y i905» 29, 394) who found that the kernels contained 54 to 66 per 
cent, of fat. He could not detect stearic acid by the Hehner and Mitchell 
method, which does not, of course, prove its absence, and the acids may be 
taken as consisting for the most part of lauric and myristic. The fat has 
been and may be used for edible purposes, particularly as a cacao butter 
substitute. The following characteristics have been observed : 


Table ( 3 LXXXTI. — Values of Dika Fat 


Observer. 

M.f^t 

°C. 

Acid 

Value 

^‘^P* j T V 
Value.! 

i 

R.M. 

Pol. 


Titre. 

°C. 

Unsap. 
per cent 

Lewkowitsch 

38-9 

1 * 8 - 

12*6 

1 . 

244- I 3 - 3 - 
250 l 5'2 

0*4 



34-8 

0-73 

^Grimme. . . 0- 

4 Mr 

* 4*0 

241-2, 

4’3 



1-4542 

38-1 

1-43 

* Imperial Institute . 

39-2 1 


244- 

250 

3 - 3 - 

4 - 2 



•• 



* Sprinkmeyer and \ ' 

Diedrichs . . -1 33*o i 4*0 

1 L _ 

242*0 


0*2 

s-s 

1-4498 


. . 

* Sachs . . . . j . . 1 . . j . . j 

5*2 

j 



•• 


^ Analyst, 1910, 35, 536. ® Analyst, 1909, 34, 164, 

3 Analyst, 1912, 37, 349. * Analyst, 1908, 33, 123. 
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Other species of Irvin^ia (e.g. V. oliveri which is indigenous to Cochin- 
China) yield the so-called cdy-cdy fat. This has been examined byJBontoux 
who found that the seeds yielded zz per cent, of kernels containijfg 6o per 
cent, of a white hard and brittle fat having the following characteristics as 
quoted by Lewkowitsch : 


Table CLXXXIIL— Values of CAy-CAy Fat 


— ft 

Fat extracted 

Native Preparations. 

m 

• 

in the 

Laboratory. 

No, I. 

No. 2. 

Fat — 




Melting-point, “C 

397 

38-2 

38-4 

Solidifying-point, °C. . 

31 . 

31-2 

31*8 

Saponification value 

235-0-235-6 

236-3 

237-4 

Iodine value 

67 - 6-8 

4-I-4-2 


Acid value 

0*89 

23-5 

34-9 

Fatty acids — 




Fatty acids + unsaponifiable, / 

94*0 

93-4 

93-2 

Solidifying-point (titre test ^C.) 

36-6 


36-4 

Neutralisation value 

253-0 


250-2 

Mean molecular weight 

222 

• • 

224 


Paraguay Palm-Nut Oil 

Paraguay palm oil is obtained from the kernels of Acrocomia seJero- 
carpa, a tree similar to the coconut palm, which is widely distributed in 
South America and which forms large forests in Paraguay. Lewkowitsch 
describes the oil as mocaya oil or as Macaja butter. There is some con- 
fusion between this oil and gru-gru oil which is also stated to be obtained 
from A. sclerocarptf y but the Paraguay kernels (which arc smaller than hut 
otherwise indistinguishable from*gru-gru kernels) contain a somewhat higher 
percentage of fat of decidedly softer consistency and higher iodine value. 
Bray and Elliott (Analysis 1916, 41, 299) state that : “ In view of our limited 
knowledge of South American palms and the difficulty of identifying the 
species from the seeds or fruits alone, it is quite probable that ‘ gru-gru ’ 
and * Paraguay * kernels are not identical in origin.” This conclusion is 
supported to some extent by ^Bolton and Hewer whe^ find, {Analyst y 1917, 
42, 38) higher iodine values and low^er Saponification values for the Paraguay 
palm oil. The palm isjthus described by these wTiters: 

The tree growls to a height of 20 to 30 feet in Bahia, and forms large 
forests in Paraguay. The fruits are of a somewhat similar structure to 
tucum fruits, but the outer pulp is enclosed in a thick, smooth shell. The 
proportion of the parts is as follow^s : 

Outer shell (epi&rp) 28 

Mesocarp ; Oily pulp 24 

Inner shell (endocarp) . . 42 

Kernel 6 

100 


z 
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Pulp Oil , — This oil is analogous to commercial palm oil, has a somewhat 
similar smell and consistency, and is of golden-yellow colour. The oil is 
suitable ^1[or soap manufacture, and if obtained from fresh fruits, so that 
there is not more than lo per cent, of free acids, it could be refined for 
margarine-making. Its value is slightly below that of palm oil. 

These authors determined the following characteristics for the pulp oil : 


Solidifying-point, ®C. ..... 24*9 

Saponification value 189-8 

V", 1-4527 

Iodine value 77-2 

Acid value no 


The Paraguay kernels (which contain about 65 per cent, of qil) and 
kernel oil are described by Bray and Elliott {loc, at.) in the following way: 
“ The ‘ Paraguay ’ kernels are roOghly spherical, about 12 mm. in diameter, 
and weigh about i grm. each; the skin is almost black and the flesh much 
softer than that of ordinary oil-palm kernels {Elceis sp.). The fat is 
decidedly softer than cither coconut or palm-kernel oil, being only semi- 
solid at ordinary temperature, and the iodine value is higher than that of 
either of these oils, or than that of the oils derived from the other kinds of 
palm-kernels examined. The residual cake of ‘ Paraguay ' kernels is even 
richer in protein than coconut cake, and should have, therefore, a high 
feeding value. The kernels are stated to have sold recently in Liverpool 
at prices between those of fine palm kernels and copra. 

The following characteristics have been obtained by the observers above 
quoted : 


Table CLXXXIV. — Characteristics of Paraguay Palm Nut Oil 
(Bray and Elliott, Bolton and Hewer) 


Melting-point, ?C. 

Huay and Elliott. 

Bolton and Hewer. 

22-25-8 

Titre, “C 


21 

. . 

Acid value .... 


26*1 

0-8-9-0 

Saponification value , 


247 

237-246 

Iodine value 


28-5 

16-30 

Unsaponifiable matter 


0 * 3 . 

. . 

Reichert .... 


6-5 


Polenske .... 


10*2 



Kernels and oil described as “ gnt-gru,’' and stated to be obtained from 
A, sclerocarpay have been mentioned by various workers. A. W. Knapp 
1914, 33, 9) states that ‘‘ gru-gru is ».he Trinidad name for 
A. sclerocarpa. He describes the tree and its fruits at some length and states 
that one tree he examined had nine large bunches, each one containing 400 
fruits, or 3600 in all. The Imperial Institute have also reported upon this 
palm {J.S.C.L, 1914, 33, 147) in the following way: “ The gru-gru palm 
is a native of the West Indies and South America and is widely distributed 
in Trinidad but does not usually occur in such abundance as to enable 
kernels to be exported commercially, while there is a local demand for kernels 
for edible use. This palm also occurs in Grenada, St Vincent, St Lucia and 
the Leeward Islands. The nuts had a hard, brittle, woody shell about J inch 
in thickness; the kernels resembled oil palm kernels {Eleeis guineensis). 
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Trials showed that the nuts could be shelled fairly well by a palm nut- 
cracking machine. The kernels contained about 7 per cent, of moisture 
and 56-57 per cent, of fat resembling coconut and palm-kernel oils.’* 

The oil has also been examined by Bray and Elliott {Analyst; 41, 
298) the results being given in the following table along with those of Knapp. 


Melting-point, ®C. . . 

Bray and Elliott. 

• 

Knapp. 

26*0 

Titre, 

20*5 

23 

Acid value .... 

1*4 

1*2 

Saponificatio*n value . 

254-255 

243-5 

Reichert value 

5 - 7 - 6-8 

7*2 

Polenske value 

I 0 - 0 --I 2-6 

13-9 

Iodine value .... 

1 6 *2-2 1*0 

19*4 

Unsaponifiable matter X 

o*4-o*5 

Specific gravity ioo‘"/i5‘^ 

. 0*868 

0*86 


The coyal palm would seem to be closely allied to those mentioned above, 
and the following description from an American official report {J.S.CJ,^ 
I9IS» 34, 1061) should be compared with those given for the above oils: 
“ This tree grows very abundantly in Costa Rita, Nicaragua, and upper 
Panama, especially on the Pacific side. It is stated that the nuts can be 
gathered in great quantities and very cheaply. At present cattle eat them 
where they foil. Specimens of the nuts examined by the Bureau of Plant 
Industry of the Department of Agriculture, have been identified as Acrocomia 
mniferUy Oerst., and contained 57*7 per cent, of petroleum ether extract. An 
analysis of the seed oil of the same palm from Nicaragua was published in 
1903 as follows: sp. gr. at 25° C., 0’9i36; M.Pt., 25*^ G.; clouding-point, 
17® C.; free acid, 1*69 per cent.; saponification value, 246*2; iodine value, 
25*2 ; Reichcrt-Meissl value, 5. Both the oil and residue are similar in com- 
position to that obtained from the coconut and other palms, and could be used 
in the manufacture of similar food products. The difficulty of producing 
this oil in commercial quantities, however, is a mechanical one, there being 
no machinery on the market at present that can be economically used for 
cracking the extremely hard shells that inclose the kernels.” 

According to Fendler the •seeds arc slightly roasted by the natives, 
ground to a paste, slightly warmed by exposing to the sun, and expressed 
in sacks between warmed iron plates. 

The fat of a closely allied plafii; A, total ^ Mart., has been examined by 
Grimme, but the results obtained are more*or less different from those of 


the other oils (J.S.C.I., 1910, 29, 1019): 

Unsaponifiable matter . . . i3*4^^er rent. 

Saponification value . 188 ' * 

Iodine v^lue 26*9 

w..'" 1-4525 

Titre, °C 28-30 


Tucan-Kernel Oil 

Tucan kernel oil is obtained from the kernels of the palm Astrocaryum 
vulgarcy which is described on page 300. The kernels, which contain some 
45 per cent, of fat, weigh about 3*5 grms. each. The fat is similar to palm- 
kernel oil but is harder and has a somewhat higher melting-point. It should 
be of value for all those purposes for which palm-kernel oil is used. The 
following characteristics have been observed : 
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Table CLXXXV. — Values of Tucan-Kernel Oil 

# 


Observer. 

Sol. 

Pt. 

X. 

M.Pt. 

°C. 

Sap. 

Value. 

I.V. 

R.M. 

Pol. 

Wd • 

Titre. 

Unsap. 

per 

cent. 

- c 

Bontoux . 

26 

29-30 

243 

10- 4- 

11- 2 


. . 




^ Bray and 
Elliott . 


30-5 

249 

1 11*6 

3-8 

5-9 


27 

0-3 

® Bolton and 
Hewer 

28-6 

30-6- 

32-5 

240- 

245-2 

1 12-2- 
1 13-9 

1 

•• 

1-4497 

1-4505 

• • ! 

1 


1 Analyst, 1916, 41, 299. ^ Analyst, 1917, 42, 35. 


A somewhat similar oil has been obtained from the kernel of the Muru- 
muru palm by Bolton and Hewer. This oil is stated to be similar to coconut 
stearine and should, therefore, be of the greatest value commercially. The 
fruit weighvS about 12 grins, of which nearly half is kernel — practically 
no oil is contained in the pericarp; the kernels contain about 40 per cent, 
of oil which, in the hands of the above workers, gave the following charac- 
teristics : 

Melting-point °C 34 

Solidifying-point 32-5 

Saponification value 237-0 

1^4501 

Iodine value 12*4 


Another fat from another member of the Astrocaryujii species has also 
been examined by the Imperial Institute {Analyst, 1922, 47, 124). This 
fat, which is also closely allied to A. iucutfia. Mart., is obtained from the 
kernel, which contains some 37 })cr cent, of fat. I'he nuts consisted of 60 
per cent, shell and 40 per cent, kernel. The fat, which was pale cream in 
colour and fairly hard, had the following characteristics : 


Specific gravity ioo'\^i5° . 

Melting-point "C. . 

'Htre "C 

Acid value 

Saponification value 
Iodine value . . . . 


0- 864 

35-5 

29-7 

1 - 7 

249 -6 
9-4 
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ANIMAL FATS 
Beef* Fat 
Beef Tallow 

Source. — Beef fat is obtained from all parts of the bodies of oxen, cows 
and calves. The milk fat, of course, is not included in this as it is the chief 
constituent of butter (q.v.). The external fat is largely used in the manu- 
facture of soap and candles and for these purposes, especially in the smaller 
establishments, the fat from tlie different parts of the body is frequently not 
separated. For edible purposes, however, the internal fat, particularly the 
kidney fat, is alone used and where edible grades are manufactured the 
internal fat is kept separate and subjected to different processes. This fat 
from the kidneys before separation from the connective tissues is known as 
suet (and even after separating it is frequently sold as shredded suet after 
cutting into small shavings with the help of rice flour) and after separating 
by the process described below the finest qualities are known as premiere jus. 
It is this premiere jus before or after separation of the stearine which is used 
as a normal constituent of edible fats but the better grades of tallow from the 
body fat are sometimes used as an adulterant of lard. 

The old method of rendering fats was to employ the direct heat of open 
fires, which resulted in inferior products and also in the trade of fat-melting 
being scheduled as a noxious trade. The next method to be employed was 
that of heating by steam coils in open pans ajid although this was a great 
improvement some of the older objections still held good although to a lesser 
degree. For these reasons closed vessels known as digesters are now used 
almost exclusively. These are usually closed vertical boilers of iron or steel 
(sometimes lined with tin or lead) with a perforated false bottom. The 
material to be treated is chopped up and placed on the false bottom. The 
man-hole which is provided is then closed and steam at varying pressures is 
admitted. The liberated fat floats on the surface of the condensed steam 
and is withdrawn through appropriate cocks. The residual tissue still 
retains a considerable amount of fat. In order to liberate this it is usual 
to treat the residue with very dilute sulphuric acid, which coagulates to a cer- 
tain extent the cell tissues so^that on a further treatment with steam the oil 
is liberated. The second operation yWds a somewhat inferfbr fat to the first 
but the proportion of ^ulphuric acid used is not sufficiently high to produce 
hydrolysis, so that the proportion of free fatty acids in the fat is not increased. 

The tissues intended for the preparation premiere jus, i.e., those sur- 
rounding the kidneys, are rendered in much the same way but in this case 
the temperature is not allowed to rise above 45^'. The tissues are first 
hardened by immersion in ifed water, then shredded in special machines, 
treated with salt to assist the separation and rendered in a suitable digester. 
In this case, of course, tlie acid rendering is not used, or should not be used, 
for oils intended for edible purposes. The rendered fat is refined from 
the last traces of tissue, etc., by remelting, adding salt and allowing to settle. 
The refined fat is then allowed to cool, usually in shallow tin-lined trays, 
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until the stearine has separated out in a Crystalline condition. The solid fat 
is cut up into blocks, wrapped in canvas press-cloths and subjected to 
mechanical pressure in hydraulic presses. In this way the “ stearine ** 
(known a& oleostearine ** or “ beef stearine ”) is removed and the oil which 
nows from the presses is known as oleo oil ; the more solid material is stearine. 
These two substances are used in varying amounts for the production of 
edible fats, the proportion being varied according to the melting-point desired 
for the product and to the amount properties of the other ingredients 
present. 

Composition . — The fatty acids consist principally of stearic, palmitic, 
and oleic acid. The amount of stearic and palmitic acids varies from 33-5° 
per cent., that of oleic from 50-60. There seems to be very little doubt 
but that small quantities of other unsaturated acids are present — thus Farn- 
steiner found small quantities of linolic and linolenic acid. It has been 
suggested by some observers that this is due to the influence of feeding with 
oil-cakes. It has been suggested .that lard differs from beef (or mutton) fat 
in that it contains notable amounts of myristic acid which is absent from 
beef fat. This statement is by no means borne out by the results of Myddle- 
ton and Barry, who find in beef fat 2*5 per cent, of myristic, 27 per cent, 
of palmitic, 25 per cent, of stearic, 43 per cent, of oleic and 2*5 per cent, of 
linolic, whereas in lard (q.v.) they find no myristic acid at all. The actual 
glycerides which arc present is still a matter to be settled, but the presence 
of mixed glycerides seems to have been proved. Kreis and Hafner {Analyst^ 
1904, 29, 259) stated that they found palraito-distearin by crystallisation 
of beef fat. Bomcr {Analyst, 1907, 32, 357) had no difficulty in obtaining 
tristearin and isolated about 1*5 per cent, from beef fat and 4*5 per cent, 
from a sample of commercial pressed-beef tallow. Dekker {J.S.C.L, 1922, 
41, 333 A) by means of fractional freezing out obtained three groups of crystals 
with melting-points of 70°, 63° and 58'" respectively. The presence of 
tristearin, distearopalmitin and dipalmitostearin was deduced and the 
tristearin was afterwards isolated by repeated rocrystallisation from ether. 

The composition of the fat varies both with the food of the animal and 
with the part from which the fat is taken. The internal fat is the hardest 
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i 





Titre of 



Authority. 

S.G. 15715". 

M.Pt. 

Sa]i. 
Vil. ’ 

J..V. 

« 40 ^ 

Fatty 

Acids, 

^C. 

R.M. 

Acid Value. 

Lewkowitsch . . 

! 

86 p- loo”/! 

43 “ 

193 “ 

35 

I '4584- 

43- 

0-25 

• • 


0 

0 

4*^-5 

200' 

47-5 

1-4586 

45 


Fryer and Weston 

937 i 

47- 

i() 3 - 

42 

1 - 4573 - 

43- 

0-5 

Edible 


953 1 

49 

198 

45 

1-4584 

45 


not over 2 

Evan's Reports . . 

940 ! 


192- 

35 - 

1-4574 



1 


95 ° 1 

i 

200 

45 

1-4584 



1-50 

Mitchell . . •! 

952 1 

43- ! 

194 “ 

38- 



0-25 



1 

48 i 

1 198 

44 

1 




Leach .... 

943 1 

40— ! 

1 192- 

35 - 

0 

00 

38- 

0*5 

3-5-50 


952 1 

45 

200 

47 i 


46 

j 

. . 

Bolton . . . . 

1 

. . 

193 “ 

38- ! 

1-4573 

43- 


Edible 


.. i 

1 


199 

44 , 

1-4857 

45 

-• j 

below I -0 
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with M.Pt. of about 50° — that froA? the back and legs may fall to very little 
over 40®. This difference in M-Pts. is due, of course, to the difference 
in the relative proportion of the soM and liquid glycerides present. 

Beef fat (tallow) is, as a general rule, not used as such for edibl| purposes 
except as an adulterant for lard and similar products. The first grades 
known as premUre jus and its products, oleo oil and oleo or beef stearine 
are used in the manufacture of margarine and other food products. The 
analytical figures for oleo oil and beef stearine, which are frequently separafed 
before use as edible fats, will depend upon the pressure and temperature 
used in their preparation. The iodine value may be reduced to only a few 
units witji a corresponding increase in the melting-point but, as a general 
rule, the following figures may be taken as the average values of those 
products with which one is likely to meet. 


• 

M.l’t. 

"C. 

n,T. I-V- 

Sap. Value. 

Titre. 

X. 

Oleo oil 

30-35 

1-4580 ' 40-50 

197-200 

48-51 

Oleostearinc 

1 50-55 

1-45701 15-25 

: >93-197 


Properties and Special Tests , — The edible qualities are pale-yellow to 
white in colour, free from disagreeable odour and almost tasteless. The 
various special tests for beef fat depend upon the particular glycerides 
which occur and not to any extent upon the actual fatty acids present. The 
problem of detecting an admixture of beef fat in other fats is by no means 
easy, and although it would certainly be possible to detect 10 per cent, of 
beef stearine under certain conditions, yet in other cases such an admixture 
might pass entirely undetected and, moreover, as is pointed out under lard 
(page 364), certain samples of hog fat show characteristics which arc dis- 
tinctly suspicious. 

The first work on the subject was carried out by Husson in 1878 and on 
this the well-known test of Bclfield was based (Analyst, 1888, 131 7 ®)* 
the original Belficld method 40 drops of melted lard are dissolved in 10 c.c. 
of ether in a test-tube and alk)w^ed to cool. The test tube is closed with 
cotton-w'ool and allowed to stand in a cool place until crystallisation has 
taken place. The crystals so obtained are examined microscopically; beef fat 
gives a deposit of curved tpfts ol*thin needles radiating from a point. This 
method has been studied by Stock^jifid otl^ers for the detection of beef fat 
in lard. Full details of the methods suggested arc given under lard, page 364. 
Other valuable methods for the detection and determination of beef fat are 
those of Polenske (the difFA*cnce vrjue, page 366)^ and ^iomer (page 366) 
which are described elsewhere. 

Examination for Adulteration . — Beef fat is not frequently adulterated, 
but in those cases where it is, its detection is not difficult. The Reichert 
and Polenske values should not be more than about 0*5, the iodine value 
should not be much over 45. In the case of oleo oil and oleo stearine the 
figures will vary, of cours^ according to the melting-point and must be 
interpreted in conjunction tnerewith, the lower the melting-point the higher 
the permissible iodine value. Lard is the only substance which would cause 
difficulty, but fortunately this is not a very likely adulterant, for this reason 
very little work has been done on this subject, and in the present state of 
knowledge it would not be possible to detect small (possibly accidental) 
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additions. Larger proportions would in^uence several of the characteristics 
and would materially change the microscopical appearance of the crystals 
obtained by crystallisation from ether |is described on page 366. A test 
for beef fjit in cacao butter (A.O,A,C.) is described on page 307. 

Suet . — The internal fat of oxen and sheep is used for various purposes 
as suet. It is scarcely possible to distinguish these two fats by chemical 
means, but there are certain differences in their microscopic appearance, 
tekture and odour which may be used where necessary to differentiate them. 
Comparison should be made with knftwn genuine samples of various kinds. 
Until comparatively recent times suet was sold in its natural state so that 
adulteration was unlikely if not impossible, but now a‘ large amount of what 
is known as “ shredded suet ” is on the market from which, in general, all 
the tissue has been removed and which, therefore, is susceptible of adultera- 
tion. It has been stated that cotton-secd oil is sometimes used for this 
purpose, but no case has yet come under the writer's notice. 

For the preparation of shredded suet the finest edible beef fat should 
be used — premiere jus or olco stearine being a very usual material. The 
solid fat is forced through small circular holes by means of hydraulic pressure. 
The threads so formed are then covered with rice flour (or ground rice) 
and transferred to the chopping machine where they are cut up into small 
lengths suitable for use — tfie rice flour acting as a buffer, preventing the pieces 
from sticking together. 'Fhese small pieces are then placed in a sieving 
machine where excess of the rice flour is removed and where any larger 
particles which have escaped the chopping machine are also removed to be 
returned for further treatment. The fat is then ready for packing. 

Although, as has been remarked above, the possible presence of foreign 
oils must not be overlooked, the more likely method of adulteration is the 
presence of an excess of rice flour — either deliberately added or accidentally 
left in. The more reputable firms use every effort to keep the percentage 
of flour down to about 10 per cent, but 15 per cent, may be taken as a reason- 
able standard — any proportion above this figure being considered to be 
unnecessary. 

The easiest method of determination is to treat two or three grms. with 
ether and pour off through a tared filtering crucible or filter-paper, washing 
the residue with ether until free from fat, drying and weighing. The 
residue should be examined microsco})icaKy for the presence of animal 
tissues, the presence of w^hich would increase considerably the apparent 
amount of starch pres<mt; in those cases where such tissue is present the 
amount of starch should be determined chereically by acid hydrolysis, 
which method is reasonably ac^:urate k’* the absence of pentosans and other 
interfering substances. 

The B.P. prepared suet is directed to be the purified internal fat of the 
abdomen of th(r*shcej>‘. The charaoters and* tests required for this are: 
Firm, white, unctuous. Nearly inodorous ; taste bland. Saponification 
value 192 to 195; iodine value, 33 to 46; acid value not more than 2*0 ; 
melting-point, 45'' to 50"; refractive index at 60°, 1-4490 to 1-4510 (equiv- 
alent to 1-4563 to 1-4583 at 40*^). 

Benzoated suet is prepared suet to which has been added 3 per cent, of 
benzoin in coarse powder at 60°, allowed to jlissolve, strained and stirred 
until nearly cold. 

Hen's Egg Oil 

Egg oil is obtained commercially either from the dried egg yolk or frorti 
the yolk which has been coagulated by heat. The average egg (without 
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shell) weighs about 45 grms. of%vhich approximately one-third is yolk. 
The yolk consists of about one-third fat, although Kitt obtained only 19 per 
cent, by extraction with ether — ^thi» would appear to be a very low result. 
(Cf. Parker and Paul, Analyst^ 1910, 35, 204; Kojo, Analyst^ 37, 
25, and, particularly, Barbieri, Analyst^ i9I7j 42* 204, who states that in his 
opinion lecithin does not exist in egg-yolk.) 

The oil has a golden-yellow colour which deposits a large quantity of 
stearine at tydinary temperatures. The oil is apt to become rancid and to 
lose its colour when exposed to atmospheric conditions. Paladino {Analyst^ 
1909, 34, 320) states that the fatty acids present consist of oleic, palmitic 
and stearjp with a trafe of formic acid, but the presence of this last acid is 
somewhat curious if true. The following characteristics have been observed : 


Table CLXXXVIL— Characteristics of Hen’s Egg Oil 


Observer. 

S.G. M.Pt. 
15’- i “C. 

1 . 

Acid j Sap. 
j Value. 

! 

Iodine 

Value. 

Rei- 

chert. 


R1.P1. 

Acids. 

X. 

l.V. 

Acids. 

^ Paladino & Toso 

0*914 22 

. . i i86-o 

81*4 

1 


35 


*Kitt . . . . 

0*914 1 . 

1*2 1 190*2 

82*1 

0-4 

• • ! Sf’-SQ 

73-2 

® Spaeth . . . ’ . . i . . 

. . 184-4 

1 68-5 

i 0*7 

j 

1-4658 jss 

72-6 


’ Expressed oil. ^ Extracted with ether. ® Analyst y 1896, 21, 233. 


Hog Fat 
{Lard) 

Source . — At one time the name “ lard ” was confined exclusively to the 
fat obtained from the kidney bed, but it is now given indiscriminately to the 
fat from all parts of the hog. The preparation in America has reached enor- 
mous proportions and is done by a continuous and almost mechanical process. 
The animals immediately they iTave been slaughtered arc cut up and the fat 
from the various parts of the animal is separated. The finest product is 
that produced from the kidney and bowel fat, whilst other qualities are 
obtained from various part* of the anu^ial. The method of preparation is 
roughly very similar to that used foi^eef fat (page 355) the finest qualities 
being produced in an analogous manner to that for premiere juSy the lard so 
produced at a temperature n^ot exceeding 50^^ fromj-he kidney and bowels 
being known as “ Neutral Lard No. \ ” whilst a similar pft'oduct prepared 
from the back is knowp as “ Neutral Lard No. 2.” Neutral lard is almost 
exclusively used in commerce either for margarine manufacture or con- 
fectioner’s use. 

The residues from these processes rendered at a much higher tempera- 
ture are known as “ leaf lard ” from the kidney fk or “ choice kettle ren- 
dered lard ” from the back f|it. These two lards, or a mixture of the two, 
are the usual edible lards of commerce — a lower quality known as prime 
steam lard ” being produced from trimmings and other parts of the animal 
by treatment with high-pressure steam, l.ower qualities still, prepared 
from the viscera by treatment with caustic soda or acid, are sold as greases 
for commercial purposes. 
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Neutral lard after salting and settling is not usually refined further, it 
being then clear and practically free from fatty acids. The commercial 
qualities are refined by melting and chmrning up with water containing salt, 
in circular drums, allowing the water to settle and drawing off the fat. It is 
then mixed with fuller’s earth and passed through filter presses. The 
clarified lard is then rapidly cooled on revolving drums when its transparency 
i§ lost and becomes semi-molten — it is usually allowed to set in cold storage. 

Composition, — The composition of lard depends to a consic^prable extent 
on the part of the animal from whicli it is taken and also on the foods eaten 
by the animals — the more unsaturated acids occurring in some oil cakes 
tending to pass into the fat of the animal feeding upon them (cf.,page 369). 
This difference in composition seems, however, to be more quantitative, than 
qualitative, the lards of lower melting-point containing a larger proportion 
of unsaturated acids. 

Lewkowitsch has stated that lard contains lauric, myristic, palmitic, 
stearic, oleic, and linolic acids, ^yith the possible presence also of linolenic 
acid. Amberger and Wiesehahn {J.S.C.L, 1924, 43, B229) found, however, 
that the fatty acids consisted of stearic, 7*8, palmitic, 32*2, and oleic, 60*0 
per cent., whilst Myddleton and Barry {Fats : Natural and Synthetic^ 
London, 1924, page 14), found 24*6 per cent, of palmitic, 15*0 per cent, 
of stearic, 50-4 per cent, of oleic, and lo-o per cent, of linoleic. At present 
the presence of lower acids than palmitic must be considered to be at least 
doubtful and further w'ork is desirable as lard from different animals and 
different parts of the same animal do vary considerably in composition, as 
the following results of lleliner and Mitchell {Analyst^ 1896, 21, 326) clearly 
show : 

Table CLXXXVIII.— Compaiuson of Fat from Various Parts of Hog 


Fat oi Soincrsclbliire I’ig j 
Six Months old. 1 

1 

Oleic Acid. 

Stearic Acid. | 

1 

Palmitic Acid. 

jM'om 1 

Ter cent. 

J’ercent. 1 

Ter cent. 

Head ... i 

75 

9 

i6 

Ham ... ' 

68-5 

8-8 i 

22-7 

Breast ... 

71 ; 

. ii'5 

17-5 

Flare ... I 

58-5 : 


26'5 

Back ... 1 

75 : 

8-8 I 

15-2 


)« 


In other samples of lard they found by their own method from 6-16 
per cent, of stearic acid in the mixed fatty acids. 

The nature^of the' actual glycerines present in lard has not been fully 
elucidated, although a certain amount of work has been done on this 
problem. Already in 1896 Hehncr and Mitchell (Analyst, 1896, 21, 328) 
had examined those crystals which were more insoluble in ether, and this 
work was continued by Kreis and Hafner {Analyst, 1903, 28, 359; 1904, 
29, 259), w^ho stated that they had isolated heptadecyldistearin. Later, 
however, Bomer {Analyst, 1913, 38, 204) wa| not able to support this and 
found that the insoluble glyceride is palmito-distearin and he also isolated 
stearodipalmitin ; he w'as unable to isolate tristcarin and concluded that it 
was absent. Further work along these lines is desirable as it is possible 
that means may be found of isolating characteristic glycerides w^hich will 
help in the problem of detecting other animal fats in lard, and lard in butter 
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fat, Amberger and Wiesehahn {y.S.CJ., 1924, 43, B229) isolated oleo- 
distearfn, oleopalmitostearin and suggest as the composition of lard, palmito- 
sistearin, 3 per cent.; stearodipalmitin, 2 per cent.; oleodistearin, 2 per 
cent.; oleopalmitostearin, ii per cent, and palmitodiolein, 82 per»cent. 

Analytical Constants , — The analytical constants of lard vary so much 
with the various factors (food part of animal, type of animal, etc.) which 
have been already mentioned that it will probably be more useful to take 
each determination by itself rather than give a table containing the somewhat 
wide fluctuations which have been ontained. In order to show how the 
constants may vary for fat from the same animals the following table compiled 
from various sources is appended : 


Table CLXXXIX. — Variations in Constants from Same Animal 




M.Pt. 

Iodine Value. 


Free 

Source. 

S.G. 

100715°. 

Fat. 

Fatty 

Acid. 

Fat. 

Fatty 

Acids. 


Fatty Acid 
per cent. 

Oleic Acid. 

European hogs : 
Mean of results 
from 8 animals — 
Fat from back . 

o-86i 

33 ’8 

40 

60 *6 

. 

61 -9 



„ „ kidney . 

0-859 

43-2 

43*2 

52-6 

54-2 


Spaeth 

» » leaf . . 

0-859 

44-5 

42-9 

53-1 

53-4 


Dennstedt 

„ „ ham . . 

0-860 

‘46 

’ 

55-5 


1-4588 

American hogs : 
Mean of results 
from 3 animals — 
Fat from head . 

0-863 

44-9 


66*0 


1-4610 

Voigtlander 

„ ,, back . .i 

0-862 ! 

477 


63-9 


1*4607 

“ Dennstedt . 

„ „ leaf . .! 

'0-863 ' 

44-5 


61-4 ! 


I -4602 

Voigtlande 

„ „ ham . .1 

0-863 i 

44*5 

1 

1 

• ■■ 

67-8 1 

! 

1 -4609 


European hogs : ; 

Mean of results 
from 2 animals — 
Fat from internals . 

1 

1 

1 

i 

• 1 

.y 

r . 

50-9 

i 

• • ! 

1*4577 

1 

0*3 1 

„ „ heart. . 




55-3 

i 

I -4584 

0-3 1 ^ Durier. 

J 

„ „ back . . 

, . 

• •• 


57-0 

• ■ 4 

I -4586 

1 0*2 ' 

„ „ head . . 



i 

64-5 j 


1-4595 

0-2 ; 

American hogs : 

Fat from back . 

• 

12-0 

21*2 

i 

93-9 i 

104*5 ' 

1 -4620 

! 

0*2 1 

® „ „ leaf . . 


20*0 

22*8 j 

93-8 

io8*^ ! 

1-4621 

0*2 j^Richardso 

® „ „ ham . 


^5-5 

1 

20*5 1 

i 

93-5 

109*0 j 

I -4630 

0*2 jandFarey 


' Beusemann’s method. 2 Zeit, Angew, Chem,, 1898, I2, 857. 

® Mean of 3 samples. ^ Ann, des. falsific., 1909, 12, 491. 

® Mean of 2 samples. ® Mean of 2 results, the third was 0*870. 

’ J, Amer, C,S,, 1908, 30, 1191. Abnormal lard from oily ” hogs. 
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Specific Gravity, — The specific gravity is not of much value in the 
examination of lard as the variations that have been found among genuine 
lards is nearly as great as the differencte between the specific gravity of an 
average sample and that of many possible adulterants. It may, however, 
offer some assistance when taken in connection with other constants so that 
the following table may be found useful on occasion. It should always be 
rgmembered that lards with a specific gravity as high as 0-870 have been 
recorded. 


Table CXC. — Specific Gravities of Lard and Other Fats 


Fat. 

S.G. 100715°. 

37 - 8 °/ 37 - 8 °. 

(Observer. 

Lard 

0-859-0-862 


Parry , 

Lard 

0*860-0-861 

o*oo*;-o-oo 7 

Allen 

Lard stearine • 

0-857-0-858 


Parry 

Cotton-seed oil 

I 0-868-0-872 

. . 

Allen 

Cotton-seed stearine 

j 0*866 

0*911-0-912 

Allen, Parry 

Beef stearine 

0-857 

• • 

Pattinson 

Arachis oil . . . . ^ . 

0-867 


Allen 

Coconut oil 

0-874 

0*910-0*916 

Allen, Moore 


Melting and Solidify wg-Points . — The melting and solidifying-points vary 
considerably with the part of the animal from which the fat is taken, so that 
as in the case of the specific gravity these factors can only be used for com- 
parison with other values. It is, of course, cjuite easy by the use of lard oil 
or lard stearine to prepare lards having a wide range of melting-points and 
the same remarks, of course, apply to the use of beef stearine. I’he melting- 
point which is given as such is that temperature at which the lard becomes 
perfectly transparent, but the process of melting extends over a large number 
of degrees (upwards of ten in some cases) from the stage at which it first 
commences to soften. The capillary-tube method is as accurate as any 
method but, of course, any of the usual methods may be used, that of Knapp, 
page 97, being rapid and convenient. 

The solidification -point may be taken in the same w^ay as the titre test 
for the fatty acids. 


'rABLE CXCT. — Melting and Somdifyinc-Points of Lard 

X ' _ 


Meltin 

Lard. 

°c. 

t y 

AckIs. 

°r. 

Solid ily 

Lard. 

°C. 

Fatly 
Andb. • 
°C. 

Observer. 

36-48 



36-42 

Frver and Weston 

30-45 

37-46 


39-42 

Mitchell 



24-36 


Goskc 

41-49 



41-42 , 

Lewkowitsch 

34-44 




Spaeth 

' ’ 

35-47 


34-42 

Various 

40-47 

42-45 

. . 


Parry 

36-40-5 

43-44 

27-30 

41-42 

Leach 



ANIl^ FATS 363 

The manner in which the metting-point varies with the part of the 
animal from which the fat is taken and with the other constants may be 
seen from the table on page 361. * 

Saponification Value , — The saponification value of lard usitelly falls 
between the limits 195-200, although somewhat higher values have been 
observed occasionally; the average value is about 196-197. This factor 
is not of any great value as rape oil is the only one which would greatly 
affect this c< 9 nstant and it is an unusual adulterant. There are occasions, 
however, when it should be performed. 

Jodtne Value , — At .one time the iodine value was the most important 
constant in the examination of lard and frequently the presence or absence 
of vegetable oils could be decided on this factor alone, but changes in the 
food which is given to the animals have produced considerable differences 
in the composition of the fat and, although the test is still of importance 
and must not be overlooked in any doubtful case — in fact it may be looked 
upon almost as a routine test for lard — yet- the indications obtained must be 
regarded with suspicion and carefully interpreted in comparison with those 
obtained from other constants.* 

The iodine value will depend to a considerable extent upon the part 
of the animal from which the fat is taken, the softer lards having a higher 
iodine value on account of the larger percentage of oleic acid contained in 
these. 

The iodine value of an average commercial lard usually varies between 
about 56 and 64, although figures both slightly higher and lower than these 
figures arc quite common in normal lards. Any lard which gives an iodine 
value outside the limits 50-68 must be considered as somewhat abnormal, 
and further examination should be made. In this respect lards of American 
origin usually give higher iodine values than those of European origin, 
whilst the iodine value of leaf lard or of lard obtained from animals fed on 
coconut products may fall to 45 or even in extreme cases to below^ 40. 

The iodine value of the liquid fatty acids may also give additional informa- 
tion, although it is doubtful whether the information so obtained repays the 
trouble involved in the separation of the fatty acids. The usual variations 
found for this constant are from 92-105, but Lewkowitsch has found “ oily 
hogs giving a value as high as i^, whilst Farnsteiner has found {vide infra)y 
certain samples of Chinese and Japanese lard to give very much higher 
results. Any sample giving a figure of more than 105 is somewhat abnormal 
and one with a figure of ii^ or mgre, distinctly suspicious, with due regard, 
of course, to the reservations alre^^j^^entioned and the figures contained 
in the various tables in this section. 

Refractive Index . — The usual variations for this figure at 40° are from 
I *4590- 1 *4610 although, as will be s^en from the ♦ables given elsewhere 
in this section, genuine samples may give figures lying outside these figures. 
This figure varies with* the other factors, particularly with the iodine value. 
Figures as high as 1*4643 have been found by Farnsteiner in Chinese and 
Japanese lards. 

Properties and Special Tests . — Lard has few' special properties or tests 
by which it may be found in admixture with other oils and fats. The amount 
of stearic acid present is not lufficient to distinguish it from other fats, and 
the only test likely to be of service is the microscopic and chemical examina- 
tion of the glycerides least soluble in ether for the detection of adulteration 
iq lard itself — it is possible that this might be extended to the detection of 
lard in other substances. 


♦ J . S . C . I ,, 1893, 12 , 470. 
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At CHie tbne lard was supposed to be ei&rdy free front the ^ioluhle^aixdh 
A, bul^ore recently it w been found that cerUin aamoles contain 
able quantities 19^50^ 39, 6o$A; 1921, 40, ,8iT; 19^3, 42^ S09T. 

Analyst, I924, 49, 98.) The deficiency has been shown ip be <!ue to the lack 
of the substance in the diet of the animals and destruction during commercial 
preparation. {Analyst^ 1921, 46, 244; 1923, 48, 1^0). The detection of 
the fat of other animals, such as beef and mutton fat, in lard is difficult. In 
some cases it would certainly be possible to find an admixture of 10 per cent, 
of beef stearine, but in other cases this amount might pass undetected, 
whilst, on the other hand, some samples of pure hog fat show characterim*i>« ^ 
which are distinctly suspicious. (Cf. Analyst, 1925, 50, 511.) 

The first work on the subject was carried out by Husson in 1878, and on 
this work the well-known test of Belfield was based. In the original method 
40 drops of melted lard are dissolved in 10 c.c. of ether in a test-tube and 
allowed to cool, the test-tube is closed with cotton-wool and allowed to stand 
in a cool place until crystallisation commences. In the event of immediate 
crystallisation a larger quantity of ether should be used. The crystals so 
obtained are examined microscopically. The crystals from pure lard are 
usually flat oblong plates with chisel-shaped ends, whilst those from beef 
(or mutton) fat form tufts of thin needles radiating from a point. It has 
been shown by Dunlop {J.S.C.L, 1906, 25, 459) that repeated crystallisation 
from ether converts the crystals of beef fat into flat crystals like those of lard. 

The method was studied by Stock {Analyst, 1894, who attempted 

to place the method on a quantitative bahis. Stock prepared two standard 
sets of mixtures, one with a lard of M.Pt 34"'-35° containing 5, lo and 15 
per cent, of beef stearine, M.Pt, 56° and the other set with a lard melting at 
39''-40° with the same proportions of beef stearine melting at 50®. For 
the determination he took the melting-point (by the capillary-tube method) 
of the lard and then compared it by the following test with that standard 
mixture to which its melting -point most nearly approximated : Place 3 c.c. 
of the melted fat, measured in a pipette, in a stoppered 25 c.c. graduated 
cylinder and dissolve in 21 c.c. of ether. Allow to stand at 13® for 24 hours — 
after which time, measure the volume of crystals produced and examine 
their a})pearance under the microscope. Stock determined the proportion 
of adulterant by weighing the amount of vyashed ether deposit. The ether 
from each c>linder is poured ofl as far as possible and to c.c. of fresh ether 
cooled to 13'' added. The contents of the cylinders arc well mixed, allowed 
to stand, and the ether poured off as before. This operation is repeated, 
the crystals are then washed into a weighed beaker, using the ether previously 
poured off, the ether carefully drained off and tlic remaining crystals dried 
at 40” for fifteen minutes and weighed. The amount of crystals obtained 
will depend upon the' melting-pom^ of the ’ard. Observations by Stock, 
Dunlop J906, 25, 458) and Lewkowitsch show that the weight 

varies from not more than 10 milligrams with lards melting up to about 40° 
(melted to a clear liquid) to as much as 190 milligrams in the case of a lard 
melting at 50°. A sample of beef stearine gave i -5 grms. of deposit when 
examined by the same process. 

It may be dilficult to determine with certainty the addition of a small 
amount of adulteration to a hard lard but the Stock method is one which 
is likely to be of assistance. The indications obtained should be looked 
upon with suspicion and a conclusion drawn only after a most thorough 
experience has been obtained with various lards and admixtures. One 
point should be carefully remembered as the basis of this test. Beef is 
considerably more insoluble in ether than lard and the crystals obtained 
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^ have, in general, a different microscopic appearance consequent upon the 
variation m the composition of the glycerides. 

Emery {U.S. Dept, of Agri., 1908, Circular 132’!) bases a method for 
the detection of beef fat upon the of the crystals obtained by crystal- 

lisation and recrystallisation of the fat from ether. The following table 
from his results : 

• 

Table»CXCII.— Detection of ^eef Fat in Lard (Emery) 


• 

* Fat. 

M.Pt. 

°C. 

Fat. 

MPt. 

°C. 

Pure hrd .... 


63-8 

Lard containing 8 / beef fat . 

61 *6 

Lard containing i ^ beef fat . 

63-4 

II II 9/) »> »» * 

6i*6 

» » 24 .. 

It • 

63-2 

11 II II II ' 

61 -5 

>1 >> 3 ^ >> 

» • 

63-0 

Beef fat 

6o-6 

»> j» 4 1' 

II • 

62-8 

Lard 

63-6 

jj »} 5 ^ >• 


62-5 

Lard and 10/ lard stearine . 

63-8 


11 • 

62-2 

11 II ^ 5 0 II II 

63-6 

n 7 /C »» 

II • 

61 6 




This method is carried out as follows : “ Wcigli 5 grms. of the melted 
fat into a glass stoppered, 25 c.c. cylinder, about 150-175 mm. in height; 
add warm ether up to 25 c.c. mark; stopper securely and shake until the fat 
is completely dissolved. Allow the cylinder to stand for about 18 hours 
at a temperature of G. during which time some of the solid glycerides 

will crystallise out. Decant the clear solution carefully from the crystals, 
wash with three 5 c.c. portions of cold ether, avoiding breaking up the deposit 
during the first two washings. Agitate the crystals with a third portion 
of ether and transfer to a small filter. Wash on the paper with successive 
small amounts of cold ether until 15 to 20 c.c. have been used; then remove 
the last traces of ether by means of slight suction on the stem of the funnel. 
Break up any large lumps and allDw the deposit to dry. 

“ When thoroughly dried, pulverise the glycerides and take their melting- 
point in a closed i mm. tube. Heat the water in the beaker rapidly to 
about 55° and maintain th*t tem^rature until the thermometer carrying 
the melting-point tube registers to 55°.* Then heat again and carry 
the temperature of the outer bath somewhat rapidly to 67'^, when the flame 
is removed. The melting-pqjnt of the crystals is regarded as that point 
when the fused substance becomes perfectly clear ami transparent. A dark 
background placed aboqit 4 inches from the apparatus will prove of advantage. 
When the melting-point of glycerides obtained by this method is below 
63*4° the presence of beef fat should be suspected, while a melting-point 
of 63° or below, can be regarded as positive evidence that the sample is not 
pure lard. It is advisable to carry out this method with a control sample 
>f lard in connection with eacji batch of samples analysed.** 

Many more samples would have to be examined before this can be taken 
as of definite value but it is possible that the melting-point of such crystals 
after mixing with similar crystals obtained from pure lard and pure beef 
fat respectively might show, by the depression of the melting-point caused 
by the addition of the dissimilar crystals, useful results. The method 
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has been very favourably considered by the American A.O^A.C, by whom 
this method has now been made official. {JADA.C,, h 183^ 515.) 

A method depending upon the difference between the melting-point 
and the* solidifying-point has been ^devised by Polenske {Anatysty 1907, 
32, 382; 1908, 33, 476). This “ difference value,** although fairly constant 
for each individual fat, varies considerably between different kinds. The 
ijielting-point is taken as that point at which the fat becomes perfectly 
clear — the solidifying-point is deterjnined by observing the point at which 
two marks on the cooling test-tube become invisible when kept continually 
stirred. Polenske recommends the column of fat to be 27 cm, high and 
1*8 cm. in diameter. Lard was found to give a “ difference -value ** of 
about 20, whilst beef fat gave a “ difference value ** of about 13°. Polenske 
considered that all lards showing a “ difference value ** of less than 18*5® 
were adulterated. The method has been favourably commented upon by 
Laband (Analyst, 1909, 34, 525) and not very favourably by Fisefier and 
Wewerinke (Analyst, 1914, 39» 216). The theoretical basis of the test 
is discussed by Bdmcr and Limprich (Analyst, 1913, 38, 204), who show that 
the palmito-distearin of lard shows a value of 18-4® whereas the palmito- 
distearin of beef and mutton fat has a value of 1 1 *8®. They state that the 
method is capable of detecting about 20 per cent, of beef fat and 15 per cent, 
of mutton fat in lard. I’hey further state that the melting-point should 
not be taken until many hours have elapsed since the fat solidified. 

A method due to Bomer and his co-workers (Analyst, 1914, 39, 84, 171) 
depends upon another property of the same glycerides, the difference be- 
tween the melting-point of the glycerides and that of the fatty acids contained 
therein. The palmito-distearin of lard gives a difference of 5*2^, whilst 
the palmito-distearin of beef gives a difference of o-i®. The test is carried 
out as follows : Place about 50 grms. of the molten fat in a 150 c.c. CO3 
flask and add 50 c.c. of ether, mix thoroughly, cork the flask, and allow to 
stand at a temperature of about 15® until crystallisation has ceased, w’hich 
requires several hours. Shake the mixture thoroughly and pour on to a 
Buchner funnel about 9 cm. in diameter and filter with the aid of a light 
suction. The crystals are pressed between filter-paper, returned to a similar 
flask, melted and dissolved in 50 c.c. of ether and again allowed to crystallise, 
filtering as before. A portion of the resulting glycerides are retained so that 
their M.Pt. may be determined and the ffitty acids are prepared from the 
remainder in the usual way (page 44). Bomer states that with glycerides 
of M.Pt. between 60'’ and 61'’ beef fat is indicated if the difference is less 
than 5*0®, whilst in the case qf glycerideV of M.Pt. of fi5°-68‘5® beef fat is 
indicated where the difference is lesis ihJfn 3-0''. Vegetable oils do not inter- 
fere but vegetable fats may l)e mistaken for beef fat by this test as also might 
hydrogenated oils, but the phytosteryl acetate, test will be of assistance here. 

The test v^as not commented ifpon very favourably by Fischer and 
Wewerinke (Analyst, 1914, 39, 216), who stated that.it was no more sensitive 
than that of Polenske although more rapid and convenient. Sprinkmeyer 
and Diedrichs, however (Analyst, 1914, 39, 253), state that they can always 
find 10 per cent, of beef fat and nearly always as little as 5 per cent. They 
found the difference in the case of lard to be from 4*4°-7*4°, whilst that in 
the case of beef and mutton fats was o* 8 ®-t« 2 °. I'hey propose the value 
MG-j-2J which is the M.Pt. of the glyceride + twice the difference. For 
lard this is 73 •1-76-5 and for beef or mutton 65-2-67-3. Mixtures of lard 
with 5 to 10 per cent, of beef gave as this new factor a figure always below 
72 and usually below 70. Bomer (J.S.C.L, 1922, 41, 431 A) has continued 
this work and has found that lard always gives a value for MG-l-2</ well 



ANIMAL FATS 


367 

above 71 and considers that any lard which gives a figuite of 71 or less is 
adulterated. This test, taken in conjunction with the BelfieId<*Stock method, 
is undoubtedly the best means that we have at the moment for detecting 
foreign animal fats in lard. The metl^ods of Polenske and Bomer have been 
critically examined by Prescher, who states that the Bomer method is ex- 
tTfi^ely useful and is much to be preferred to that of Polenske. 

Somewhat similar methods have been proposed by Vitoux and Muttelet 
(Analyst, 1921, 46, 94) and by Kerr (J.^.CJ.y 1921, 40, iggA). 

Wesson and Lane (J.S.C.I., 1905, 24, 714) have proposed the use of 
a test, depending upon the titre value of the* sample, for mixtures of beef 
stearine with cotton-seed oil. 

Examination for Adulteration . — One of the commonest forms of adultera- 
tion is the addition of water. Lard should contain at least 99 per cent, 
of fat and in the usual commercial condition contains not more than 0*5 
per ceht. of moisture. The water may be determined as under butter, 
page 432. The determination of small quantities of w^ater in lard is dis- 
cussed by Polenske (Analyst, 1911, 36, 497), who uses the following 
method ; The semi-liquid lard is placed in a test-tube fitted with a cork 
carrying a thermometer and heated to a temperature of 52"^ by immersing 
the test-tube in a water-bath; the tube is then removed from the bath 
and shaken until the temperature falls to 40°; if the lard is clear at 52°, 
and does not become turbid at 40° it contains less than 0*15 per cent, of 
water. Should it become turbid at 40° its water-content lies between 
0-15 and 0*2 per cent. If turbid at 52° the lard is heated to 95®; a tur- 
bidity at this temperature indicates the presence of more than 0*45 per 
cent, of water. Should the lard be clear at 95°, it is gradually cooled until 
a turbidity appears, the quantity of water present being then ascertained 
by reference to the following table : 

Table CXClIl. — Turbidity of Lards 


Water Content. 

Temperature at which Lard 
becomes turbid. 

IVr cent. 


0*45 

95-0 

0*40 

• 90-8 

0-35 

1 85-0 

0*30 

' 75*2 

0*25 , 

64-5 

0-20 

53-0 


Of course, if the lard is not clear at these temperatures it should be 
ascertained whether the turbidity is actually due to tht presence of water. 
Paraffin wax has been used as an ^adulterant in fairly large quantities 
but this is no longer pmetised. Small amounts have been added to lards 
and lard mixtures with the object possibly of interfering with the phytosterol 
acetate test (q.v.) for vegetable oils and for stilfening purposes. Tests 
for its detection have been proposed by Polenske (Analyst, 1906, 31, 46), 
Shrewsbury (Analyst, 1909, 34, 348), Dunlop (Analyst, 1909, 34, 524), and 
Thompson and Hurst (Chem. News, 1910, 102, 109). That due to Shrews- 
bury is probably as delicate as any, it is performed as follows : 

Five grms. of the melted lard are measured in a cylinder, transferred 
to a 300 c.c. Reichert flask, and saponified with 20 c.c. of glycerol soda, 
made by mixing 100 c.c. of approximately loN/NaOH (453 grms. soda and 
1000 c.c. w^ater) with 500 c.c. of glycerol. The hot mass is dissolved in 

2A 
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50 cx* of industrial (non-mineralised) methylated spirits, added very gently, 
drop by drop, from a pipette. The solution is allowed to cool, and its appear- 
ance observed when cold. If it is cle^r, paraffin wax is absent. As little 
as 2 per vent, of paraffin wax makes t^e solution cloudy with opaque fiocculi. 
After some time the solution sets to a jelly, when it may be again observed. 
Genuine lard gives a slightly opalescent but homogeneous jelly. 

• Two per cent, of paraffin wax shows many opaque fiocculi distnbuteef^" 
throughout the otherwise nearly tr^sparent jelly, and gives ^ very charac- 
teristic cloudy appearance. 

Some confusion arose in foreign journals over^the use of methylated 
spirits (cf. J.S,C.l.y 1913, 32, 1118) but the matter was subsequently cor- 
rected by Shrewsbury (Analyst y 1914, 39, 43, 296). The detection of 
paraffin is further discussed under phytosteryl acetate (page 125), 

The main adulteration is either the admixture or the complete sub- 
stitution of foreign oils. For this purpose the oils which have been most 
commonly used are coconut and palm kernel, cotton-seed, arachis, maize 
and sesam <5 oils, and tallow. 

The methods for the detection of tallow have already been discussed. 
Coconut and palm-kernel oils are detected by means of the Reichert-Polenske 
value. The average values for lard are 0-3 for the Reichert and 0-3 for the 
Polenske. Where these numbers are seriously exceeded the amount of 
the foreign oil may be determined by the methods given on pages 334, etc., 
using the table for margarine and coconut oil without butter fat ; due regard 
should also he paid to the methods of distinguishing between coconut oil 
and the other oils of like character there suggested. 

Cotton-seed oil may be detected by the flalphen test (q.v.) due regard 
being paid to the fact that this oil may be treated so that it no longer gives 
the reaction and also that the fat from animals fed on cotton-seed cake may 
give reactions, corresponding to i or 2 per cent, of the oil. The iodine 
value will be raised if appreciable quantities of vegetable oils are present. 
The sulphur-chloride test may also be used with advantage. Sesame oil 
may be detected by the Baudouin reaction, but here again slight indications 
should be disregarded for similar reasons. Maize oil will be indicated by 
the increase in the iodine value and the decrease in the solidifying-point 
of the fatty acids (M‘Pherson and Ruth, Analyst, 1907, 32, 329). Arachis 
oil cannot be detected by Evers’s qualitative test, but the quantitative method 
may be used providing that the arachidic acid be rccrystallised until its 
M.Pt. is at least 70°. 

In all cases where vegetable oils ar9^ suspected either from the iodine 
value or from colour tests the phytosteryl acetate should be performed 
and the indications obtained therefrom carefully interpretated in the light 
of the other tests. Maize oil has been suggested as a likely adulterant of 
lard. MThcison and Ruth (Analyst, 1907, 32, 329) state that as little 
as 2 per cent, may be detected by the phytosteryl ^acetate test, but in view 
of the complicated nature of the sterols of maize oil this would appear to be 
unlikely (cf. under maize oil, page 205). The detection of japan tallow 
in lard is mentioned on page 288 under japan tallow. 

As has already been noticed some samples of Chinese and Japanese 
lards have given some rather extraordinary results. Thus the following 
figures have been obtained by Farnsteiner : 

1*4593 to 1*4642; iodine value of the fat 58-101*7; iodine value 
of liquid fatty acids 111-138*7. 

Rae has published the following figures for Ceylon lard (Analyst, I9‘24, 
49, 84) : 

Specific gravity 99°/i5°, 0*8851; butyro-refractometer reading at 40°, 
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52-0; acid value, 11-12; saponification value, 216-4; iodine value (Wijs), 
44*8; unsaponifiable matter, per ce^t. 0*40, 

The Effect of the Diet of the Animal on the Composition of the Fat. — The 
composition of lard depends within tertain limits on the food ?)f which 
the animal has partaken; thus Lewkowitsch has pointed out that hogs 
fed exclusively on acorns yield a harder lard than hogs fed on maize. In 
general where the animals are fed on fatty foods the composition of the lard 
tends to change in the direction of the composition of the oil used as food. 
Thus Gibbs and Agcaoili {Phil.J. of Science, iQio, li, 33) have shown that 
the use of copra lowers the iodine value and the refractive index and raises 
the saponification value. It is possible that such lards will contain acids 
of lowfer molecular weight than palmitic (cf. composition, page 360). When 
vegetable oils or oil-cakes are used the lard becomes softer and the iodine 
value higher and, moreover, the substances which cause the characteristic 
colour tests of sesame and cotton-seed oil tend to pass into the lard. Konig 
and Schluckebier have shown that the lard from hogs fed on sesam^ cake 
(Z. f. Unters. d, Nahrgs. u. Genussm.^ 1908, 15, 648) give the Baudouin 
reaction. Many observers have shown that the lard from animals fed on 
cotton-seed cake give the Halphen reaction. Langfurth {Z. f. ang. Ghent. ^ 
1901, 15, 685), Fulmer (J.A.C.S., 1902, 24, 1148; 1904, 26, 837), Dunlop 
{J.S.C.L, 1906, 25, 458). The indications thus obtained from the colour 
test would not, as a rule, point to more than 10 per cent, of cotton-seed oil, 
although larger amounts than this have been obtained in the case of individual 
animals. It has been shown by Tolman (J.S.C.Ly 1905, 24, 692), however, 
that those lards which of themselves give a positive result in the Halphen 
reaction do not contain phytosterol. Bengtsson {Analyst, 1923, 48, 225) has 
examined the fats of hogs which had been fed on Babassu cake up to i kilo 
per day and found that the iodine value was decreased by several units, 
the refractive index was lowered slightly and the M.Pt. was raised one or two 
degrees. Martin {Analyst, 1923, 48, 387) found that when fish meal formed 
from 11-14 per cent, of the diet the lard was free from fishy odour and had 
normal characteristics — a trace of octobromstearic acid was found, however, 
by the method for fish oils {A.O.A.C.). 

A report has been made by Willcox and Cranfield {Analyst, 1925, 50, 
324) on the influence of palm-kerjiel meal on the composition of bacon fat. 
Four pens of six pigs each were fed on the following rations : 


• 

,T>ciii. i 

Pen 2. 

Pen 3. 

Veu 4 


cent, j 

Per cent. 

Per cent. 

Per cent. 

Ration for first six weeks — 

i 

- — 

— 


Palm-kernel cake meal . •. 

28 


40. 


„ meal (extracted) 



40 

Sharps ........ 

70 i 

70 

50 

50 

Barley meal 

' i 

10 

10 

10 

Bean meal 

1 

20 



Whey 

One gallon pet pig per day to all pens 

Ration for last six weeks — , 

Palm-kernel cake meal 

20 ! 


40 


„ meal (extracted) 

j 



40 

Sharps 

20 

20 

10 

10 

Barley meal 

60 ! 

60 

50 

so 

Bean meal 

1 

20 


.. 

Whey 

Two gallons per pig per day to all pens 
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The age of the pigs at the outset was sixteen weeks. At the end of the twelve 
weeks’ period the pigs were sold to a well-known firm of pork butchers 
and bacon curers, who gave an expert opmion on the pork from the merchant’s 
point of** view. They stated : “ For' a porker or cutting pig you could not 
find any difference in any of the pigs.” 

The most suitable bacon pig was selected from each pen and cured for 
bacon. The curers reported on the bacon as follows : 

Pen I. (Receiving 20 perc cent, of palm-kernel meal, containing 
6 per cent, of oil.) “ Soft in the fat.” 

Pen 2. (Receiving ho palm-kernel meal.) “ Fat firm and the best 
of the lot.” * 

Pen 3. (Receiving 40 per cent, of palm-kernel meal, containing 
6 per cent, of oil.) “ Softer than No. 2, and will, no doubt, be very 
soft and tallowy in one or two months.” 

Pen 4. (Receiving 40 per cent, of palm-kernel meal, per cent, 
of oil.) “ Soft but not so bad as Nos. i and 3.” 

From these comments it appears that the palm-kernel meal had some in- 
fluence on the consistence of the bacon fat, tending to make it soft. 

Samples of the back bacon fat were taken for analysis. Two methods 
of extraction of the pure fat were used : (a) The crude fat was cut into 
thin strips and rendered at a temperature not exceeding 70 C.; (b) the crude 
fat was passed through a mincing-machine and then extracted with petroleum 
spirit in a Soxhlet extractor. 'Fhe samples of pure fat gave the following 
results on analysis : 

Table CXCIV .—Comparison of Fats from Hogs fed on Various Diets 



From 

No. 

Iodine 

Value 

Sapoii. 

Value. 

M Pt. 1 
X i 

! 

K.M. 

Value. 

! 

Polenskc | 
Value. 1 

! 1 

Zeiss Butyro- 
refractometcr 
No. at 40® C. 

{a) Rendered 

I 

5^>*5 

205-8 1 

29-5 

1 0-44 

i ^ 1 

I 0-6 

48-5 

fat. 

2 

597 

1980 1 

28*0 

1 0*49 

! 0‘9 

48-5 


3 

57*2 

198-5 1 

29*0 

; 0'55 

1 0*6 

48*0 


4 

56 1 

200*5 1 

1 

29*0 

1 0'44 

i 

1 

38-0 

(b) Fat ex- 

I 

56-5 

1 199-5 j 

30*0 

1 

! o*6o 

1 0*7 

48-5 

tracted with 

2 

56-1 

193-4 1 

28*0 

: 0*66 

i 0*7 

49 -s 

petroleum 

3 

56-8 

197-9 1 

«3o*o 

i4>o*44 

1 0*7 

48-0 

spirit 

4 

58 -d 

202*3 |- 

1 



1 07 

48-5 


Willcox and Cran(j^ld state that the only Judications of possible influence 
due to palm-Kernel feeding are a shght rise in the saponification value and 
also in the melting-point. These, however, do not follow the increase in 
palm-kernel oil given in the rations, since the highest saponification value 
figures and b^) and the highest melting-points (ai and ^4) are not 
from the pen receiving the largest amount of palm-kernel oil (a^ and 63). 

Judging from these figures, one must arrive at the conclusion that the 
analytical data do not explain the experts* comments on the quality of the 
bacon and consistence of the fat. 

Lard Substitutes , — These usually consist of lard stearine together with 
beef stearine, cotton-seed oil and stearine and other vegetable oils or, on the 
other hand, they may be entirely free from lard or lard stearine. They' are 
prepared by mixing the fats together in a mixing machine — the actual com- 
position depending upon the country in which the product is to be used 
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and the season of the year— and pouring the mixture on to cooling drums 
as in the case of lard. 

As lard contains practically no water it would seem natural to expect that 
a lard substitute would also be practica^y free. Quite a number of s^ich pro- 
ducts have, however, contained considerable quantities of water, which may be 
determined as under butter, but this should be looked upon as adulteration. 

Lard Oil; Lard Stearine . — The separation of lard into oleine and stearine 
is carried out in a similar manner to the same operation in the case of beef. 
It is necessary, so that good separation may be affected, for the lard to be 
carefnlly crystallised. The crystallised lard is»then wrapped in cloths and 
the oleine-^lard oil— removed by pressure, the finest qualities being prepared 
in lever presses worked by hand. Lard stearine is used in the manufacture 
of lard substitutes, for increasing the consistency of soft lard and in the manu- 
facture of margarine and cooking fats; inferior qualities arc used in the 
manufa*cture of candles. Lard oil is used as a lubricant and for burning. 
The following are average values for the various characteristics, but it follows 
from the method of preparation that these may be subject to considerable 
variation : 



j S.G. 1 00°/ 1 5®. 

1 

1 Sap. Value. 

1 

Iodine Value. 

Refractive Index. 
.}0“. 

Oil . . , 

, i 0-863 

1 *92 

80 

1-4607 

Stearine . 

■ ; 0-858 

1 *95 ! 

i 

50 

1-4582 


fJoRSE Fat 

Horse fat is not infrequently an article of commerce. It is prepared 
along the same lines as animal tallow, but is frequently of a lower grade for 
obvious reasons. Samples of genuine horse fat, rendered by himself, were 
examined by H. Dunlop {Analyst^ 1907, 32, 317), his results are given in the 
following table; 


Table CXCV.— Examination of Horse Fat (Dunlop) 


1 

j 

I 

Colour and 
Consistence. 

Iodine 

\'<nuc. 


Sap. 

Value 

O' 

0 

Unsap. 

Matter. 

<1/ 

S.G. 

Free 

Acid. 

R.W. 

No. 

I . Horse fat from | 
belly 

1 

Orange yellov^, 
butter-like 

8f66 

I *4604 

19-84 

0-54 


8-80 


2. Horse fat from 
neck “ mane ” 

Light yellow, 
part liquid ^ 

i 

, 8670 

1*4612 

- - 

i 

1 


0-56 


Horse oil after fil- 
tration at 12-2 C. 

Lemon yellow, 
oil , 

i 

90*10 

i 

1*4616 j 

0*46 

0*9182 

.. 

0*30 

3. Horse fat from 
neck (“ mane 

Light yellow, 
part liquid 

90*07 

1*4612 






Horse oil after fil- 
tration at 8*9 C. 

Lemon yellow, 
oil 

93 - 1 * 

1*4616 

^9-56 

0*50 

0*9184 

1*20 

0*2 

Horse fat from 
kidney bed 

Orange yellow, < 
part liquid 

110*65 

1 - 4^43 




.. 

• • 

4. Horse oil after fil- 
tration at 13*3 G. 

Orange yellow, 
oil 

114-85 

1-4647 

19-63 

0*68 

0*9212 


0 - 3 S 

5. Horsfe oil from 
neck fat 

Lemon yellow, 
oil 

112-85 

1-4643 

19-63 

0*42 

i 

1*9211 

0*46 

-- 
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Quite diflFerent results were, however, obtained for the kidney fat of a 
horse 15 years old by Raffo and Foresti (ifo'rf., 1910, 35, 68) who found 


i 

Saponification val^e . 

1967 


Iodine value .... 

• 77-3 


Reichert value .... 

I’l 


Melting-point, . . 

• 31-5' 


Klimont, Meissl and Msjyer in an examination of four samples of fat 
(y.S.C,Ly 1915, 34, 668) found characteristics as 'given in th^ following 
table in which are included also figures obtained by Heiduschka and Steinruck 
{ibid.y 1921, 40, 665A) : 


Table CXCVL— Examinatioiji of Horse Fats (Klimont, Meish and 
Mayer: Heiduschka and Steinruck) 


Specific gravity, 15° 
Iodine value 
Acid value . 
Saponification value 
Melting-point, °C. 


Klimont, Meisii and 
Mayer. 

0 - 937 - 0-946 
74-9-78-I 
I -4-2 -9 
i93*i~200'4 

20-41 


Heiduschka and 
Steinruck. 

0-922 

75-2 

2-6 

203-9 

32*3 


The former authors found the liquid acids to consist of oleic, linolic and 
linoleic acids, whilst heptadecylic acid was stated to be found among the 
solid acids; the latter authors state that the mixed fatty acids consist of 
linolenic acid, 1-7, linolic acid, 6-7, oleic, 55-2, stearic, 6-8, and palmitic, 
29-5 per cent, respectively, whilst the unsaponifiable matter amounted to 
0*43 per cent. 


Neat's-Foot Oil 

Neat’s-foot oil in its general significance is obtained from the feet of 
cattle by boiling with water after hair, skin and hoofs have been removed, 
when the oil rises to the surface and may b<^ skiiAmed off. The oil is purified 
by salting, washing with water and filtering while hot. In many cases the 
lower part of the leg is included in the raw^ material used in the preparation 
of neat\s-foot oil especi^illy in America — this^will tend to raise the melting- 
point of the product. * * 

Years ago, particularly in England, the preparation of neat’s-foot oil was 
carried out on a small scale in local establishments, but more recently, 
particularly in America, the preparation of this and similar products is 
becoming more a question of large establishments, with consequent dis- 
appearance of the older order. 

The composition of the oil is apparently quite simple. Coste and 
Shelbourn (1903, 22, 775) found that the acids consisted chiefly of oleic 
(no acids were present more unsaturated than this) with some palmitic and 
stearic. Eckart {Anafysty 1922, 47, 521) found in the oil 2 to 3 per cent, of 
stearic acid, 17 to 18 per cent, of palmitic acid and 74*5^6*5 per cent, of 
oleic acid. 
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Authority. 

S.G. 

Value. 

Sap. 

Value. 

Iodine 

Value. 

Rei- 

cl^rt. 


Acid 

Value. 

Titre. 

°C. 

I.V. 

^cids. 

Unsap. 

percent 

^ Dunlop . . 

D 



■ 


■ 

■ 

■ 

■ 

■®Costeantl 
Shelbourn ^ 

0*915- 1 
0*918 

153-6 

199-7 

66-4 

73-1 

0*9- 

1*2 i 

1 

1-4605 

1*4616 

-- 24 “ 

!28 

71-0- 

77-0 

0-12 

0-65 


m 


67-1- 

72-9 

** 

*• 

. . j . . 

63-6- 

69-5 


Lythgoe . . . 

0-913- 

0-915 


71-3- 

73-0 


I *4608- 
1*4610 j 

* * * * 



Holde & Stange. 

•• 

196- 

199 

66- 

74 

•* 

i 

i 

1 

.. i .. 

! i 

•* 


* Fahrion . . 


IQU- I 65- 1 
198 78 1 

i 1 

1 

• • 1 

1 

1 

Not 1 
above . 
6 I 

1 

■ 1 
•• 1 



• Bruno . . . 

0*917 I 

194 j 

1 

75-3 i 


I -4595 i 

1*7 .. 



®Eckart . . . 

*0*903- 1 191*8 ! 
0*905 1 196*2 1 

1 

57 - 4 - , 

72-3 1 

i 

0*4 

j 

i 

i 

0*1- ; . . 

6*3 ' i 

1 1 


•* 


1 Analyst, 1907, 32, 317. J.S.C.I., 1903, 22, 775. 

^ J.S.CJ.y 1911, 30, 818, ^ Analyst, 1921, 46, 371. 

® Analyst, 1922, 47, 521. ” At 5 o' 75 o°. Sol, Ft. 4 to -2. 


In regard to the adulteration of neat’s-foot oil the following remarks of 
Fahrion {J,S.C.I., 1911, 30, 818) will be of interest : 

“ Neat’s-foot oil, in spite of rts high price, is the oil most frequently 
used in the manufacture of chrome leather. * The reason for this lies in its 
great resistence to oxidation and rancidity and the somewhat low tempera- 
ture at which it solidifies. The admixture with it of oil extracted from the 
feet of sheep and pigs or tRe hoofs^of horses caii hardly be counted as 
adulteration, as all these oils have a similar composition. The same applies 
to bone oil which is frequently added after a process of refining by which 
the dirt, free fatty acids and most of the glycerides are removed. Real 
adulterations consist of additions of vegetable oils, principally rape and 
cotton-seed oil.'* 

The original neat’s-foot ^oil was originally prepared purely from the 
feet, so that in t^e most restricted sense the oil from any other source is 
adulteration, but the use of the feet of other animals giving an equally satis- 
factory oil seems now to be generally accepted and is, therefore, possibly 
not objectionable. 

Neat’s-foot oil has been adulterated in many ways. Bone oil, fish oils 
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and seed oils have been extensively used. For the detection of adulteration 
the solidifying-point, iodine value, unsaponihable matter and insoluble 
bromide test are most likely to lead to xseful results. The mineral matter 
of bone c^il is frequently high, so that a determination of the ash might lead 
to the detection of this substance. T^e acid value of the oil should be low, 
whilst practically no precipitate should be obtained in the insoluble bromide 
value. The sterol of neat’s-foot oil consists entirely of cholesterol, so that 
the addition of vegetable oil will be detected by the phytosteryl acetate test. 

Some other oils which are likely lo be present in neat*s-foot oil are dealt 
with below. * 

Sheeps s-Foot Oil , — This oil, which was the standard oil adopted for use 
in Amagat and Jean’s oleo-refractometer, is prepared in a similar way to 
neat’s-foot oil; it has the following characters: * 


Specific gravity 1 5'^/ 1 5° .... 0-917 

Soliclifying-point °C i 

Saponification value i 94'5 

Iodine value 74 “S 4 

Titre ‘'C 20-21 

1-4601 


The following colour reactions have been proposed by Chercheffsky 
{J.S.C.L, 1913, 32, 542) for distinguishing ox-foot and sheep’s-foot oil: 

(i) 20 grrns. of the oil are dissolved in 5 c.c. of carbon bisulphide, and the 
solution added little by little to 10 grins, of sulphuric acid (sp. gr. 1*84). 
Ox-foot oil gives a brownish-red colouration, whilst the liquid remains 
clear; sheep’s-foot oil gives a yellowish-brown colouration and a turbidity. 
(2) 20 grrns. of the oil are dissolved in 5 c.c. of carbon bisulphide, and the 
solution treated with 10 drops of a solution of potassium bichromate in strong 
sulphuric acid. Ox-foot oil gives a brown colouration and sheep’s-foot oil 
a straw-yellow colouration. (3) A mixture of 10 c.c. of the oil, 10 c.c. of 
hydrochloric acid, and 01 c.c. of a 2 per cent, alcoholic solution of furfurol 
is shaken for 2 minutes. Ox-foot oil becomes brown and the colour is intensified 
on heating, whilst sheep s-foot oil remains colourless even when heated.” 
As in the case of most colour reactions the results obtained must be 
interpreted with reserve. 

Horse S-F00I Oil . — This oil is obtained in a similar manner to neat’s-foot 
oil. It should be distinguished from h^rse oil, which is the liquid fat 
obtained from other portions <>f the anime.!. According to Lewkowitsch 
(OiZy, Fats and the oil gives several of the colour reactions usually 

considered as characteristic of marine animal oils, whilst Dunlop {Analyst^ 
1907, 32, 317) found tha^’^the sulphuric acid ref.ction was given by a sample 
of the kidney fht. The following coAstants have been observed by Lew- 
kowitsch, Jean and Amthor, and Zinck : ' 


Specific gravity, i5”/i5° . . 0-920-0-927 

Saponification value .... 195- 197 

Iodine value 73’'90 

Titre, “C ^ 27-28-6 


Bone Fat , — This is the oil obtained from the “ shin-bone ” of cattle 
and should be distinguished from the “ foot ” oil, although frequently the 

* Lewkowitsch [Oils, Fats and Waxes). Bruno [Analyst^ 1921, 46, 371). 
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two are prepared together. The following characteristics have been 
observed : 

Specific gravity 50^/50^" . - . o-90i“0*903 

Melting-point °C. . ^ . . 44"45 

Solidifying-point °C. • 32 * 6 - 33 '® 

Acid value o* 3-9*0 

Saponification value .... 186*7-196*1 

Iodine value . . . . • * 46-79*8 * 

M.Pt. fatty acids X. . . 40 "‘H 

Fahrion [Analyst ^ 1911, 36, 512) obtained figures as low as 13*^ for the 
M.Pt. of the fatty acids of bone oil, whilst other observers have obtained 
widely fluctuating figures under various conditions, and from bones from 
variou*s parts of the body. (Cf. Eckart, Analyst, 1922, 47, 521 ; Kraus, 
J.S.C,L, 1918, 37, 104A.) 

* More usiiaily 50- 60. 



CHAPTER XXV 

MILK FATS 

f 

Butter Fat 

Source, — The source of butter fat will be sufficieiltly discussed later; it 
may be mentioned here, however, that the fats from the milk of other 
animals, besides that of the cow, are converted into the corresponding 
** butters in some countries, details of which will be found under ghee, 
Samna, etc., on page 401. 

Composition . — The fatty acids which have been found in butter \iwth 
certainty are butyric, caproic, caprylic, capric, lauric, myristic, palmitic, 
stearic and oleic. 

Wein claims to have discovered both formic and acetic acid in fresh 
butter, but the methods adopted by him are open to some objection, and as 
his statement has never been confirmed by subsequent investigators it must 
be stated that their presence has still to be proved. Their presence in rancid 
butter is, however, quite possible, but even this has not been definitely 
decided. 

The presence of butyric acid is the great point in its composition which 
distinguishes butter fat from almost all other known fats (for a list of those 
containing acids of low molecular weight see the Reichert value, page 15 1), 
whilst in addition to butter fat, only oils of the coconut family contain 
notable amounts of caproic, caprylic or capric acids. As these acids are all 
more or less soluble in water and volatile with steam, butter fat is distinguished 
by the considerable proportions of soluble acids which it contains. 

The first serious quantitative examinations of butter fat were made by 
Duclaux 1886, 1022) and, somewhat later, by Violette (J. 5 .C./., 

1890, 9, 1157). Although now only of historical interest the results obtained 
by Violette are given in the following table, the second place of decimals 
being, for obvious reasons, omitted : • 


Table CXC VI II. —Examination of Butter (Violette) 



c 

1. 

2. 



3- , 4- 

5- 

6. 

7- 

8. 

/ 

• 

0 



% 

% 

% 

% 

Butyrin 

6-9 

6*1 

6 - 3 , 5-8 

,5-3 

5-5 

s-s 

5-0 

Caproin 

4-1 

3-6 

37 1 3-4 

3-1 

3-2 

3-1 

2-9 

Glycerides of insoluble 








volatile acids . . . 

3-1 

3-2 

3 - 0 ! 3-2 

3*1 

2-5 

3*2 

3.2 

Glycerides of non-volatile 


88-1 

87-6 

88-4 

acids 

86-0 

86-6 

86-6 j §6 ‘9 

88-1 


Other workers dealing with the problem at about the same time were 
Bell, Blyth and Spallanzani, from whose work the following results have 
been obtained by Lewkowitsch : 
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« 

Bell. 

Blyth. 

Spallanzani. 


Per cent. 

Per cent. 

Per cent. 

Butyrin 

7*01 

77 

5 ‘o8 

Caproin ^ 

(2-28 

0-n 

1-02 

Caprylin and caprin 


.. / 

0-31 

Olein 

37'V2 

42-2 

93 -591 

Palmitin, •stearin, etc 

52-98 

1 

50-0 

i 

/ 


Keofoed {Analyst, 1892, 17, 130), working with a sample of Dutch butter, 
found that the fatty acids consisted of butyric acid, 1*5; caproic acid, 2-0; 
caprylic acid, 0-5; capric acid, 2*0; lauric acid, 8*o; myristic acid, 22*0; 
palmitic acid, 28*0 ; stearic acid» 2*0; together with oleic acid and acids of 
the formulae and C2,Jl5405, 34 per cent. Browne, by more de- 

tailed work arrived at the following composition for the butter with which 
he was working {J. Awer, C. 5 ., 1899, 21, 612, 807, 975). 

Table CC.— Percentage of Triglycerides in Fatty Acit 

OF Butter 


Acid. 

1 Percentage of 
Acid! 

Percentage 
of Tnglycendos, 

Butyric 

5-45 

623 

Caproic .... 

2*09 

232 

Caprylic .... 

0*49 

0*53 

Capric 

0-32 

0*34 

Lauric * 

2-57 : 

273 

Myristic , . . . . 

989 

10*44 

Palmitic .... 

. 38-61 

40*51 

Stearic . . . ^ 

■ 1-83. 

1*91 

Oleic 

32-50 : 

33*95 

Dioxystcaric 

I -00 

1*04 

A 

Totals . . .* . 

• 

* 9475 

100*00 


The presence of h5'’droxy acids has been deduced by other obseri^ers 
besides Browne, such as Vachtcl and Bondzynski and Riifi, but Lewko- 
witsch {OiiSy Fats and Waxe^, 5th, II, 802) states that such do not exist, 
and Crowther ai\d Hynd {Biochem, J,, igiy, ll, 139) consider that any 
hydroxystcaric acid found in the acids obtained from butter fat is to be 
regarded as the result of oxidation and that it is not present originally. 

‘ Of later years both of the two obvious methods of attacking the problem, 
namely, separation of the original glycerides, and saponification of the fat 
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and separation of the resulting acids, have been studied. The most success 
has so far come from the second method which will first be dealt 
with. ' 

The problem has been studied by J^sen {Analyst ^ 1905, 30, 397), Fleisch- 
mann and Warnbold {Zeit. BioL N,F,^ 1907, 32, 375), by Siegfeld {Milch. 
Zent,, 1907, 3, 288), and by Smedley {Biochem, J.y 1912, 6, 451) {J.S,CJ,^ 
1912, 31, 1091), but the matter was approached in a much more thorough 
manner in 1917 by Crowther and Hynd {Biochem, 1917, ii, 139), who used 
an extended modification of the method of alcoholysis originally used by 
Haller {C.R.y 1906, 143, 657) rand later by many other workers for various 
purposes (see page 51). They endeavoured, and apparently with some 
success, to make the method quantitative and for the first time a really 
complete analysis of butter fat was deduced. Their results, together with 
those of other workers, are given in the following table. The results of 
Holland and Buckley obtained by a very similar method were published in 
America in the following year {J,pf Agri, Res,^ 1918, 12, 719). 


Table CGI. — Holland and Buckley’s Results 


Fatty Acids. 

Amount ITesent. 

Soluble acids — 

Per cent. 

Butyric acid 

3-2 

Caproic acid 

1-4 

Caprylic acid 

I'O 

Capric acid 

1-8 

Total 

7-3 

Insoluble acids — 

Laurie acid 

6-9 

Myristic acid 

22-6 

Palmitic acid ’ . 

19'2 

Stearic acid 

11*4 

Oleic acid 

27*4 

« 

Total 

1 00 

Soluble and insoluble acids — „ 

Total 

. 94-8 


The percentages, which are the percentages of fatty acids in the fat are, 
in the original, given to three places of decimals — this is, of course, 
absurd. 

The work of Holland and Buckley has been followed up by Holland 
and his co-workers and further work has been somewhat recently published 
{J, of Agri, Res,f 1923, 24, 365). These results are summarised in the' 
following tables : 
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Table CCII. — Summary of Holland’s Investigations of 
Fatty Acids in Butter Fats 


Fatty Acids. 

•Animal r. 

Animal 2. 

Animal 3? 

Animal 4. 

Soluble acids — 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

• 

Butyric achl (by difference) , 

• • 21. 

2-9 

3-0 

27 

Caproic acid 

1*0 

1-7 

1-8 

1-3 

Capryljc acid 

•6 • 

•7 

■9 

•8 

Capric acid 

2*0 

1-7 

1-5 

17 

Total 

• 

• 6-5 

7-0 

7-2 

6-5 

Insoluble acids — 

Laurie acid 

7*6 

6-3 

5-6 

6-6 

Myristic acid 

19*8 

17-5 

20-5 

21-8 

Palmitic acid (by difference) . 

14-8 

i6-2 

12*3 

22*9 

Stearic acid 

12*1 

14*9 

17-8 

11-8 

Oleic acid 

• 34-> 

32*9 

3^-3 

25-3 

Total 

cb 

oc 

87-8 

87-6 

88-4 

Total fatty acids 

94-9 

94-8 

94-8 

94-9 


Table CCIIL— Fatty Acids in Butter Fat from Cows 

Early in Lactation 

Fatty Acids. 

Animal i. 

Animal 2. 

Animal 3. Animal 4. 

* 


Per cent. 

1 'cr cent. 

IAt cent. 

Per cent. 

Soluble acids — 

Butyric acid (by difference) . 

3-2 


3.0 

4-2 

Caproic acid 

2*2 


1-9 

2-4 

Caprylic acid . . . ^ . . « 

•8 


I'O 

•7 

Capric acid . . . . - . 

I*? 


1-5 

1-3 

Total 

• 

7-7 

^8-0 

7-4 

8*6 

Insoluble acids — • 

Laurie acid 

* 

4*9 

4-8 

4-5 

4-8 

Myristic acid 

20-1 

18-4 

19-1 

207 

Palmitic acid (by difference) . 

13*4 , 

15-8 

13-4 

14-2 

Stearic acid 

. 15*2 

i6-2 

20-4 

i8-i 

Oleic acid ...... 

. 33-5 

31-5 

30-0 

28-3 

• 

Total 

. 87-1 

86-8 

87-4 

86-1 

Total fatty acids 

• 94-8 

94-8 

94-8 

94'7 
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Table CCIV.— Fatty Acids in Butter Fat from Cows 
Intermediate in Lactation 


^ Fatty Acids. 

Animal i. 

Animal 2. 

Animal 3. 

Animal 4. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Soluble acids — 

Butyric acid (by difference) . 

.. 2-5 

2-8 

2-ir 

3-0 

Caproic acid 

2-1 

2-0 

1-9 

2-3. 

Caprylic acid . . . " . 

•8 

•r 

i-o 

. 9 

Capric acid 

1*3 

1*2 

1-4 

*■4 

Total 

. 6-7 

6-7 

6-8 

7-6 

Insoluble acids — 

Laurie acid 

5*4 

4-5 

S -4 

S -3 

Myristic acid 

19*2 

19-6 

21-3 

20-8 

Palmitic acid (by difference) . 

13-6 

137 

i6*2 

is-s 

Stearic acid 

■ 14-9 

15-6 

i8*o 

15-9 

Oleic acid 

• 35*0 

347 

27-1 

29-8 

Total 

. 88-1 

88-2 

88-0 

87-2 

Total fatty acids 

oc 

94-9 

94-8 

94-8 


Table CCV. — Fatty Acids in Butter Fat from Cows 
Late in Lactation 


Fatty Acids. 

Animal i. 

Animal 2. 

Animal 3. 

Animal 4. 


iVr Lent. 

Per cent. 

Per cent. 

Per cent. 

Soluble acids — 

« 




Butyric acid (by difference) . 

2-2 

2-5 

2-9 

3-1 

Caproic acid 

1-8 

1-8 

17 

2-3 

Caprylic acid 

■' 7 . 

. 7 

•9 

•6 

Capric acid ..... 

1*9 

1-6 

I ‘8 

1*6 

Total . . . 

• 6-5 

6-6 

7*3 

7-5 

Insoluble acids — 





Laurie acid 

7*7 

6-6 

7-1 

6-3 

Myristic acid 

. 15-6 

17-1 

190 

i8-s 

Palmitic acid (by difference) . 

. 5*8 

9-3 

i3-t 

I0-9 

Stearic acid 

19-1 

i8'0 

18-4 

i8-8 

Oleic acid 

• 40-3 

' 37-4 

29-9 

32-8 

Total 

. 88-5 

88-4 

87-6 

00 

Total fatty acids 

■ 95-0 

95-0 

94-9 

94-8 
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Tabu CGVI.— Fatty Acids in Butter Fat as affected by 
Various Rations 


Fatty Acids. 

, Varying Ration oiiiCows : 

A,i. Aij. Ajo* 


l>r cent. 

Per cent. 

Per centj 

Soluble acids- “ 



Butyric acid (by difference) . . 

• ’ • • 3-4 

3-1 

3-5 

Caproic acid . . ^ . 

17 

1-9 

2*1 

Caprylie acid 

. . . . -8 

•8 

•5 

Capric acid 

, . . . 1-6 

IS 

1*2 

^ Total 

. . . . 7-6 

7-3 

7-3 

Insoluble acids — 




Laurie acid 

. . . 5-8 

5-4 

4*9 

Myristic acid 

20*7 

20-3 

20-9 

Palmitic acid (by difference) . 

• . . 20*5 

22-3 

19*1 

Stearic acid 

... 90 

87 

10*7 

Oleic acid 

• . . 31*2 

30-8 

31*9 

Total 

. . . . 87-2 

87-5 

87-5 

Total fatty acids 

. . . . 94-8 

94-8 

94-8 


Fatty Acids. 

B.,. 

I'rc- 

liminary. 

Varying Ration of Cows : 

B„. B,;. IV 

Coconut rcaiiiit Corn 

Oil. Oil. Oil. 

^^Ifl' 

Soy-bean 

Oil. 

Soluble acids — 

Butyric acid (by difference) 
Caproic acid .... 
Caprylic acid . . . 

Capric acid . . . . • 

• 

2*7 

2*3 

. • -8 

2*0 

2’6 

2-0 

•4 

•i-s 

3-1 

1-9 

•5 

I-O 

3*2 

1-8 

*4 

PI 

2-9 

1-8 

•5 

I-O 

Total .... 

• 

. 7*8 

6-5 

t 6-6 

6-6 

6-2 

Insoluble acids — , 




- 


Laurie acid .... 

6-2 

8-0 

47 

4-6 

4-8 

Myristic acid .... 

22'I 

25-0 

17-2 

i 6'4 

i 6 -i 

Palmitic acid (by difference) 

20-2 

17-1 

II -3 

9-3 

87 

Stearic acid .... 

. 7*8 

8-6 

13-0 

13-3 

13-4 

Oleic acid ^ 

30*8 

29*5 

42*3 

45-0 

45'8 


Total . 
Total fatty acids . 


87-0 88-3 88-4 88-5 88-8 

94-8 94-8 95-0 95-1 95-0 
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Table GCVII.— Fatty Acids in 21 Samples of Butter 


Fatty Acids. Average. Range. 


T 

3 

Per cent. 

Per cent. 

Soluble acids — 



Butyric acid (by difference) 2-9 

2-2‘-4*2 

Caproic acid 

... 1-9 

I 3-2*4 

Caprylic acid 

... -8 

*5-1*0 

Capric acid . 

. I *6 

I *2-2-0 


Total 7*2 

6-S-8-6 - 

Insoluble acids — 



Laurie acid . 

... 5-8 

4*S-7*7 

Myristic acid 

. ... 19-8 

1 5-6-22 -6 

Palmitic acid (by difference) 15-2 

5-8-22-9 

Stearic acid . 

. . . 14-9 

7-8-20*4 

Oleic acid 

. . . 31-9 

25*3”40*3 


Total 87*6 

86-1-88-5 

Total fluty acids . 

. . . 94-8 

94-7-95-0 


The agreement between the results of Holland and his co-workers and 
those of Crowthcr and Hynd is not particularly good, and although the 
variations recorded may be those which actually occur with different samples 
of butter fat, yet it is somewhat difficult to reconcile the 2*2 per cent, of 
butyric acid found by Holland in one case (and determined by difference) 
with the 4-4 4 per cent, found by Crowthcr and Hynd. In the present state 
of our knowledge of this subject the results of Crowthcr and Hynd have a 
greater claim to accuracy as the methods adopted, although not above 
criticism, seem to be somewhat more sound than those of Holland. The 
subject is in need of further investigation. The stearic acid content of 
butter fat is dealt with more fully on page 397. 

For the decomposition of butter see Analyst^ 1925, 50, 64, 144. 

The amount of phosphorus in butter has been found by Cuisick (Analyst^ 
1921, 46, 50) to be from o*o25-o-04i, expressed as P2O5. Supplec found 
from 0-04-0 -07 per cent, of lecithin and stated that there are indications that 
fishy flavour in butter is caused by trimcthylenc produced from the lecithin. 
The sterol content is discussed by KcdrovitLch {Analyst, 1912, 37, 497); 
Steuart (/7>/V/.,-'i923, 48, 155) and by box and Gardner [ibid., page 227). 

The phytosterol of coconut oil has been examined by many observers, 
and a large number of results for the M.Pt, of the acetate have been obtained. 
Juckenach and Pasternack {Z.f. U. N. und Genuss, 1906, 1 1, 156) give the M. Pt, 
of the phytosteryl acetate of butter from cows fed on coconut cake as 113°. 
Barthel and Sorden {Analyst, 1914, 39, 254) found that the cholesteryl 
acetate obtained from pure Swedish butteu^ had M.Pt. ii4-i°-ii5*3°, 
whilst in the case of animals fed on coconut cake it was 115°“-! 15-9°. The 
addition of 10 per cent, of coconut oil to genuine butters raises the M.Pt. 
to ii6*2''-ii7-i°. The highest M.Pt. of the cholesteryl acetate of butter 
fat obtained by Harris {Analyst, 1906, 31, 353) was 115-4'' (corr.). 
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M.Pt. 


Authority. 

S.G. 

100715*5®. 

M.Pt 

°C. 

I.V. 

Sap. 

Value. 

R.I. 

• 

R.M. 

Pol. 


Fatty 

Acids. 

"C. 

Titre. 

®C. 

Parry . . 

•8668- 

29- 

26- 

220- 

1 * 4533 - 




. . • 



•8705 

33 (34) 

28 

234 

I *4562 






Leach . . 

•867- 

28” • 

26- 

227 

I - 453 1 -' 

25 “ 



28- 

, . 



33 

38 


1-4538 

34-8 



3 > 


Richmond 

•S65- 

29-5- 

32- 

218- 

1-4531- 

14-40 

1 * 7 - 


. . 

, . 

1 

i 

i 

•8685 

33 

42 

235 

1-4567 

(25-34) 

28*4 

aterage 

3*2 




Fryer and ! 

■936- 

28- 

26- ' 

220- 

1-4542 

; 23 - 

1-7 

20- 


33- 

Weston 

•942 at 

34 

38 

232 

1-4552 j 

1 30 

2-9 

26 


37 


1 5 -s' 

! 


1 

1 

1 1 

1 

! 





Mitchell . , 



31- 

210- 

1-4524 

1-4558 

1 

i 17- ' 


i 

! ' * 

38- 

33- 




50 ! 

22g ! 

33 


j 

40 

35 

Revis and ' 


33- 



i .. 

20- 

1 -6- 




Bolton ' 

1 

,45 j 

L’j 


1 

33 

. 315 _ 





Specific Gravity , — The determination of the specific gravity of butter 
fat has not that importance now which it had years ago on account of the 
practice of other methods of adulteration and the working out of new and 
more useful methods of anlaysis —nevertheless it may sometimes be of 
value and should perhaps be carried out in cases of difficulty. The tempera- 
ture for the determination which has been chovsen by various observers has 
varied from 15*5^ to joo", but as a general rule temperatures below the 
melting-point have not been extensively used. In the following table the 
ranges obtained at the various tcntperaturcs noted have been collected : 


Temperature. 


i5'5°/iS'5° 

100'' F./ioo*^ F. 

4o“/40° 

100715-5“ 


Kaiige S.Ci. 


Authority. 


o-936-o*942 

0-9094-0-9I55 

Not less than 0-905 
0-8645-0-8685 * 


I Fryer and Weston 
iBcli, Thorpe /Richmond 
!fI.S. standard butter * 

I Allen, Russian Government, Richmond. 


The practice of the determination of the specific gravity was first developed 
at the British Government Laboratory by Bell, who used a temperature of 
100° F. (37-8°). This tcmpesQturc is a suitable one on account of the fact 
that at about this •temperature, as has been shown by Shalweit, the greatest 
differences are obtained between the specific gravities of butter and oleo 
margarine. Shalweit ’s results are given in the following table : 

* C'lie or two apparently genuine sa^iples gave results as low as 

2B 
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Table CCIX.— -Specific Gravities of Butter, Margarine and Lard 
AT Various Temperatures 


Temperature. , 
c °C. 

Butter. 

Margarine. 

f 

Difference, 

Lard. 

35 

0*9121 

0*9017 

0*0104 

0*9019 

' 50 

0*9017 

0*8921 

0*0096 

0*8023 

60 

0*8948 

ch-8857 

0*0091 

0*8859 

70 

0*8879 

0-8793 

0*0086 

0-8795 

80 

o*88io “ 

0*8729 

o*oo8t 

0-8711 

90 

0*8741 

0*8665 

0*0076 

0-8668 

100 

0*8672 

o*86oi 

0*0071 

0-8605 

i 


A number of observers, however, prefer the temperature of ioo"/i5-5° so 
that the figures for this temperature are given although it is not so useful 
as the lower temperature. In the following tabic average figures are given 
for a number of oils and fats likely to be used as butter adulterants at the two 
temperatures usually used in the case of butter and also at i5'S°/i5‘5° 


Table CCX.- -Specific Gravities of Various Fats used to 
Adulterate Butter 


Oil. 


Butter fat . 
Lard . 
Tallow. 

Cotton -seed oil 
Sesame oil 
Soy-bean oil . 
Arachis oil 
Coconut oil 
Palm-kernel oil 


loo^/ioo'-T'' 

s.c .5“ 

S.G.13 

0*912 

0-866 

0-938 

o*()o6 

o*86o 

0*936 

0-903 

0*860 

0*947 


0 872 

0*923 


0*867 

0*923 



0*925 


0-863 

0*917 

0-917 

0-874 

0*926 


0-873 

0*952 


It follows from these figures that it is quite easy to adulterate butter fat 
in such a wa)^ that no indication of the fact would be given by the specific 
gravity. In spite of this, however, the relation hip which this bears to the 
other constants, notably to the 'iodine value and saponification value, is not 
ahvays unimportant and may give useful information. As a rule this is a 
determination which is n<^'t made and as a sorting test it is useless. 

The glycerides of the lower fatty acids increase the specific gravity so 
that in general the specific gravity will vary with the.Reichert-Meissl value; 
this variation is discussed further on, page 393. 

The Reichert -Polenske Value . — The Reichert - Polenskc value (w^hich 
for all practical purposes may be taken to have the same value as the Reichert- 
Wollny number which it supplants) is characteristic of butter, so characteristic 
in fact that the test was first devised to distinguish pure from adulterated 
butter and this very fact has led many observers into expecting too much 
from its indications. Like many other processes it is an excellent slave but 
a very bad master and this fact should never be lost sight of when its indications 
come up for judgment. 

The test is the one w^hich should always be carried out as a matter of 
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routine. Where the value exceeds 28 and the Polenske value is within the 
usual limits (see Polenske valu^ below) the butter may be accepted as 
genuine, particularly if the refraction figure and the Valenta test are within 
the usual range, although the possibility of the addition of arti^cial esters 
should not be lost sight of. The presence of benzoates or salicylates will 
also tend to increase the observed value as has been shown by various 
observers. Where the value falls between 26 and 28 the sample will, as a 
general rule, prove to be genuine, but the possibility of adulteration is l^y 
no means remote and before such sanfples are reported as genuine one or 
mote corroborative tests should be performed. When the Reichert figure 
falls below 26 the probability of adulteration increases greatly, although a 
number of undoubtedly genuine butters have been examined whose Reichert 
values have been as low as 17 — such samples are, however, quite exceptional, 
but their existence should be sufficient to breed care in the analyst’s mind 
and cause the exercise of due deliberation before any sample is reported as 
adulterated on the Reichert value alone. The Final Report of the Butter 
Committee recommended (inter alia)^ with some dissentients, that the 
figure 24, arrived at by the Reichert- Wollny method, should be the limit 
below which a presumption should be raised that butter is not genuine, 
but this figure has never been officially accepted. It has, nevertheless, 
become a very usual non-official standard in this country, although the 
adoption of such a figure which will allow the addition of 15 to 20 per cent, 
of foreign fat to an average butter and 25 to 30 per cent, to a butter with a 
high Reichert figure has obviously many disadvantages. There is only one 
point w^hich requires more care than the report of a butter as genuine and 
that is a report that it is adulterated. Further remarks on this point will 
be found under interpretation of results on page 392. 

A large number of Reichert figures arc available in literature on samples 
of genuine butter from all countries. Many of these were submitted to 
the Departmental Committee, the Minutes of Evidence of which should be 
consulted for full details. The following table gives in condensed forms 
much of the evidence on many points which has been made available : 


Table CCXI.— Average Reichert Figures on 
Various Butter Samples 


Observer. 

1 • 

Type 

1 of r*utter. 

i No. ol ; 
j Sampler. ' 

1 1 

Range oi 
FigiJics. 

Average. 

^ Brownlee 

.; Trisli # 

1 

1 127* : 

ig-5-30-8 


Richmond 

. Various 

i 700 . 

21*2-35 

28*4 

Allen .... 

• » j 

1 

, 25-72 

28 

Hehner 

• 

* 1 


22- 

29 

Dutch Gov. Lab.. 

. Dutch 

777 ; 

21 •5-33-4 - 


Rifle .... 

. * Norwegian 

650 

21 •1-34-9 

29*7 

Thorpe 

.' English 

357 ' 

22-5-32-6 


Lowing 

.* Russian 

320 

24 - 5 - 30 -s 

. . 

Russian Gov. Lab. 

•! n 

353 1 

20*4-30*5 

25-8 

2 Van Rijn 

,! Dutch 

428 

17-33 

25 

Lewkowitsch . 

Finnish 


24*O-32*0 

27-32 

Wauters . . * . 

. Belgian 

755 1 

19*8-36*9 

2C-33 

Holm and Kvarup 

. Danish 

7«34 1 

22*4-33-3 



1 Proc, Roy. Dublin Soc.^ 1925, 18, 49. 

® From individual cows figures varied from 16 -8-40 -o. 
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It follows, therefore, from these figures that the larger the herd and the 
more uniform and usual the condition t)f life of the animal the more 
“ normal will be the milk fat. e 

Many^ thousands of Reichert determinations have come under the 
notice of the writer, the average of which has been 28 to 29, with only quite 
a small proportion below 25-26. It may be assumed that any butter having 
a Reichert value below 26 is suspicious and should be further examined^ 
whilst even above this figure a sample is not necessarily genvine. Low 
Reichert values are usually caused '(this refers to the butter* fat from the 
mixed milk of a herd, individual cows may easily give “ abnormal ” butter 
fats) by exposure of the cows to cold or other adversd conditions, ftr by the 
lateness of the lactation period. There is abundant evidence to show that 
the proportion of the lower fatty acids is appreciably less during the last 
month or so of lactation. 

The following conclusions due to Crowther taken from Report Nh, 66 
of the University of Leeds and the Yorfzshire Council for Agricultural Educa- 
tion well summarises our present knowledge. 

This states that “ the chief factors affecting the proportion of volatile 
acids present (as fats) in butter fat are : 

“ (a) The stage of lactation of the cows. 

“ The proportion of volatile acids is highest in the early stages of 
lactation and tends to decrease greatly towards the end. 

“ {h) Climatic and other conditions that may affect their comfort. 

“ Conditions tending to produce discomfort of the cows {e.g.y trying 
climatic conditions, draughty or stuffy byres, irregularity in milking, 
etc.) probably tend in most cases to lower the proportion of volatile 
acids present in the butter fat. The effects probably vary greatly 
with the differences in nervous temperament of different cows. 

** {c) The character of their food. 

“ I'he evidence available as to the influence of the food of the cow 
on the proportion of volatile acids present (as fats) in the butter fat is, 
in some respects conflicting, but apparently the proportion is highest 
when the food contains easily fermentable matter, e.g., green food, 
“ roots,” sugar, etc. Oil-cakes have less effect on the proportion of 
volatile acids than on other characteristics of the butter, e.g., colour, 
texture, flavour, etc. The effect on thbse latter is, however, so marked 
that it is, in general, unwise to use very large quantities of such foods 
for butter production. An allowance of 4 lb. per head per day is sug- 
gested as a working maximum. ‘ ^ 

“ No connection has yet been established between the proportion of volatile 
acids in a sample of butter and its quality as indicated by taste, aroma, 
texture, etc.” ^ « 

The folio Vfing figures, taken from 'page 507 of the Minutes of Evidence 
to the Final Report of the Departmental Committee "on Butter Regulations 
indicate the influence of the lactation period upon the Reichert figure. 


Lactation Period in Months. 



- 

1 . 2 . 

3 - 4 - 

5. i *f>. 

1 

7- 

8. 

9 

lO. 

Whole year . I 

30-9 1 29-5 

29-1 277 

26'2 I 27-5 

25-9 

24*0 

26*2 

22*0 

Oct .-March . 

31-5 ! 31-8 

31-0 30-4 

25-4! •• 

23*3 

24*0 

26*2 

22-0 

April-Sept. . 

29-6 i 28-8 

28*8 27*1 

26-9 i 27-5 

41 ■! 

28-1 


•• 
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It would jippear that the qus^ty of the butter as judged by its market 
value bears no relationship to the Reichert value. This is shown in the 
following table, which consists of samples of Danish dairy butter showing 
the Reichert figure found by analysing^ the butter fat, and the character of the 
butter given at the State butter shows {Minutes of Evidence to the Final Report 
of the Departmental Committee on Butter Regulations^ pages 493 and 494). 


T^ble CCXII. — Analysis of Various Danish Butters 


R. 

• 

• 

Character. 

R. 

Character, j 

R. 

Character. 

33*0 

9-8 

25*9 

10*4 1 

237 

5-3 

30*1 

10*6 

25-8 

11*4 

23*7 

10*1 

29-6 

5*9 

257 

9*0 

23-6 

8*8 

29-3 

8-2 

^57 

3-8 

23*3 

4-0 

29-1 

11 -1 

25-5* 

8*0 1 

23-2 

10*9 

287 

91 

25*3 

90 

23*1 

97 

28-5 

4'6 

25*1 

8-9 : 

22*9 

9*4 

28-3 

lO-O 

25*0 

9-0 , 

22*8 

97 

27-4 

6*9 

25*0 

8-4 ! 

22*7 

6-3 

26-8 

87 

24*8 

8*2 ; 

22*5 

8*9 

26-3 

ii-i 

24*6 

1 9*1 ' 

22*5 

6*6 

26*2 

9*9 ; 

24*6 

6-9 1 

22*4 

87 



24*6 

1 8*0 1 

22*3 

I 7*4 


. . 1 

1 

24-5 

7-8 1 22-2 

9*4 



24*5 

2-9 

22-1 

9-6 


• • 

24-5 

8*6 

22*1 

97 

i 

j 

24*1 

10*2 1 

21*8 

8-2 

* ’ 1 

1 

2^*1 

7*3 ’ 

21*5 

87 



24*1 

10*0 

20*0 

7*9 

Average for 1 

each group 28-6 ; 

8*8 : 

24*9 

i 

8-3 ; 

1 

22*5 ! 
^ ! 

8-4 


This is seen more plainly from* the averages of tlie three columns where 
the samples are grouped by their chemical composition in three groups, 
those with Reichert above 26, those with R. between 26 and 24 and those 
with R. below 24. 



1 Kcjcheit 

Character oi 


; Figure ^ 

Rutter 

R. from 33»-26 . 

. . 28-6 

8*8 

„ „ 26-24 • • 

• • 24*9 j 

«*3 

„ 24-20 . . 

. . ' 22*5 j 

8*4 


This table shows that tjie average character or quality of the butter 
in each group is«so nearly alike that the difFerence is insignificant, notwith- 
standing the great difference in the chemical composition of the butter fat 
in the different groups. 

The Polenskc Value . — It was originally claimed by Polenske that this 
figure, obtained by hi? process, bore a more or less strict relationship to 
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the R.M. value as set out in the following table compiled by him. The table, 
however, must not be slavishly followed as it was compiled from a far too 
small number of samples. * 

tWe CCXIIL— Reichert-Meissl Values, and Polenske 
Values Corresponding to Same (Butter Fat) 


' No. 

Keichert- 

Meissl. 

T‘olenskc. 

< 

No. 

Rc idler t- 
Meissl. , 

iPolenske. 

I 

19*9 

i -35 

18 

26*2 

ui -9 

2 

21*1 

1-4 

10 

26-5 

1-9 

3 

22*5 

1*5 

20 

26*6 

1-8 

4 

23*3 

1*6 

21 

267 

2*0 

5 

1 23*4 

T *5 

22 

26*8 

2*0' 

6 

23-6 

1*7 

. 23 

26*9 

2*1 

7 

24-5 

1*6 ‘ 

24 

26*9 

1*9 

8 

247 

1*7 

25 

27*5 

1*9 

9 

24*8 

1*7 

26 

27*8 

2*2 

10 

24*8 

I *6 

27 

28*2 

2-3 

II 

25*0 

1*8 

28 

28*4 

2*3 

12 ! 

25*1 

1*6 

29 

28*8 

2*2 

13 

25*2 

1*6 

30 

28*8 

2*5 

14 

25*3 

1*8 

31 

29*4 

2*6 

15 

1 25*4 

1*9 

32 

29*6 

2*8 

16 

25*6 

^7 

33 

29*5 

2*5 

17 

I 25*4 

1 

1*7 

34 

30* I 

3*0 


Richmond has deduced a formula which gives the relationship between 
the Polenskc and the Reichert value. 


R X 0*033 - Iogi,)(F —0*48) 

and gives the following table for the maximum permissible Polenske value 
corresponding to the various Reichert values. 

Table CCXIV. — Maximum Permissible Polenske Figures 
Corresponding to Reichert Values 


Keicbert Figure i Polenske F,'gure. 



i Moan. 

Calculated. 

Maximum. 

32 

ii 3*2 

3*24 . 

3*7 


3*0 

« 3*04 

3-5 

30 

2*8 

2-85 

. 3*3 

29 1 

27 

2*68 

3*2 

28 j 

2*6 

2*51 

3*1 

27 

2*4 

2*37 

2*9 

" 26 1 

2*3 

i 2*23 

2*8 

25 

21 

2*14 ^ 

2*6 

24 1 

2*0 

2*02 

2*5 

23 1 

1*9 

1*87 

2*4 

22 1 

1*8 

1*77 

2*3 

21 1 

1*7 

1*70 

\ 

2*2 
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When the Polenske figure exceeds the maximum given in the above 
table for the corresponding Reithert figure coconut oil may be present 
and its quantity may then be calculated from the formula 


c*p_P' 

%C.N.O.=^^ xioo. 

14*4 


Where P=»Pi^lenske figure and P' is the mean Polenske figure taken from 
the table corresponding to the R. figuft; to which has been added half the 
Polenske figure found^. Thus supposing that a butter had R. of 23 and a 
Polcnske»or 3*3 


c.N.o. 


3‘3 — 2-0 

XIOO 

14*4 

=-9 per cent. 


Wfjere there are indications that palm*kcrncl oil is present (for methods 
of determination see pages 333, etc.) the figure 8*5 should be substituted for 
14*4 in the above equation. Other oils such as babassu may, of course, 
be present (q.v.) and the possibility of their presence should not be over- 
looked. High Polenske figures arc given by the fat of goat’s butter, etc., 
see page 403. 

The Polenske value also shows a relationship with the Kirschner value 
(q.v.). I'he M.Pt. of the acids obtained in the Polenske process may be 
useful. (Cf. coconut oil, page 337, and Analyst^ 1921, 46, 187.) 

The Kirschner Fr/ZMc.— Whilst the Kirschner value is of primary import- 
ance for the detection and determination of small quantities of butter in 
margarine (q.v. also coconut oil, page 334) it has been shown by Revis and 
and Bolton and by Cranfield that the relationship between the Polenske 
value and the Kirschner value is more sensitive to the addition of coconut 
oil than that between the Reichert and Polenske values. Ihus Bolton, 
Revis and Richmond {Analyst, 1912, 37, 183) state that the presence of 
coconut oil may be inferred if the Polenske figure is more than I’O c.c. 
higher than that given in the following table for ihe corresponding Reichert 
value : 


Kirschner FiGuifE. 
26 

24 

22^ 

20 


I'oLENsKE Figure. 

3‘2 

2-6 

2-1 

f6 


Cranfield {ihid.y 1915, 40, 439) Jias studied these results and he finds 
the following corrcsp«^nding figures : 


Kirschner Figure. I’olenske 1'igure. 



Avci.ige. 

Limits. 

24-24*4 

2*6 

2*6-2*7 

^ 3-24 

2*4 

2*2-2*6 

S2-23 

2*4 

I * 8 - 2*9 

21-22 

2*1 

1*7-27 

20-21 

1*7 

I *4-22 

19-20 ’ 

I-S 

1*4-17 
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The writer has carried out a large number of analyses and finds that 
the above relationships hold good in general, but that exceptions do 
occur. 

From Cranfield’s results Richmond {ihid.y 1919, 44, 166) has calculated 
the relatioi^ship as P==(K — 14) xo*2^, which gives a maximum error in 
Cranfield's individual results of 07 c.c. Richmond states that the presence 
of coconut oil or some similar oil may be safely assumed if the Polenske 
figure is higher than (K -- 10) x 0*26. * 

Although the above formula w*Ill undoubtedly give correct figures in 
all normal cases yet one must not lose sight of the fact that several observ^ers 
have obtained abnormally high Polenske figures in cases where the animals 
had been fed on turnips or beetroot leaves and turnip leaves. Lewkowitsch 
also has reported Polenske figures as high as 4*1 (with a Reichert figure 

of 3^V4)- 

Siegfeld’s results, which are abnormally high, are given in the following 
table (Z./. (Jnler. d. N. u. G., 1909, ly, ly^) : 


Reichert Value. 

24*5 

29*1 

30-2 

30-5 

31 *6 
33*5 
35 '4 

40-3 


Polenske Value. 
2*1 
4-1 
3*3 

3- T 

4- 0 

4- 4 

5- 0 
6*2 


The quotation of these figures taken in conjunction with those given 
above will probably give quite sufficient warning of their relative 
importance. 

Refractive Index . — Before the introduction of coconut oil and similar 
products the refractive index was a most useful sorting test in so far as it 
is so easily ap})lied; thus those butters having a refraction figure of less 
than, say 43*5 at 40^’ (;/ i’^S45) could be ejassed as genuine without further 

examination, whilst butters having higher figures were dealt with further. 
A higher figure than this w'as used by some observers, thus WoIJny suggested 
44*2 at 40 as a limit b(4ow which no adulterated butter would fall and cer- 
tainly the majority of adulterated samples wovlcf fall outside this limit yet, 
since a figure of 42 is not altogctlier unusual for a pure butter, it is obvious 
that in such a sample a refraction figure of 44*2 (or even 43*5) would cloak 
a considerable amount of adulteration — with this reservation, therefore, the 
test was a valuable one. * 

Seeing that the refraction figure for coconut oil is'about 36 (« = 1-4495) 
and that for animal fats about 50 (// — 1-4593) it is obvious that mixtures of 
these can be prepared giving refraction figures covering the whole range of 
those for pure butter and, therefore, as a sorting test, the refraction figure 
is now worse than useless. The test is, however, still not without value 
as an additional aid to be taken into consideration with other constants. 
The average figure for butter at 40° is from 42-5-44 (^z — 1-4542 to 1-4552), 
but much higher and low^er figures than these have been recorded as set out 
in the following table : 
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Observer. 

Source. 

No. of 

1 Samples. 

Range. 

B.K. 


Thorpe 

English 

357 

39-7-45 -9 

1-4522-1-4565 

Stein . . . 

Russian 

26 

42 *7-46 *2 

1-4543-1-4567 

Rifle . . . 

Norwegian 

' 650* 

41-4-46-4 

1-4534-1-4569 

Van ’Rijn . 

Dutch 

95 1 

43-6-46-7 

I -4549-1 -4571 

■» » n • • 

• 

368 ! 

4l'6~4^'® 1 

1-4536-1-4580 

Richmond 

Various 

700 j 

41-1-46-3 

1-4532-1-4568 

Bakst and Lenin . 

Russian 

352 j 

1 

42*0-46*6 

1-4538-1-4570 


A few figures have been published which fall outside the above range 
(e.g., Salomone for five samples of butter from Tripoli and Cyrenia gave 
37*5-40-6 at 40°), but as a general rule the range 40-46 will cover all genuine 
butters. 

Saponification Value . — This was, at one time, a most important deter- 
mination, but is now only used in the case of suspicious samples where the 
indications obtained may be of value when taken into conjunction with the 
other values. The usual variations arc from 220-232, although, as will be 
seen from the following table, much wider variations arc frequently found; 
227 may be taken as the average value. 


Table CCXVI.— Saponification Values 


Observer. 

I Source. 

Number of 
Samples. 

Range. 

Richmond 

1 

. ; Various 


220 230 

Stein 

. 1 Russian 

26 

217-223 

^ Thorpe .... 

. j Eiiglfsh i 

347 

216-238 

Bakst and Lenin . 

. 1 RuSs^ictii 

243 

217 229 

“ Siegfeld . 

. ' b'cd on turnips i 


233-243 

Van Rijn .... 

•Dutch* , j 

# ' 

368 

209 -230 


^ One sample 214. - ^ Cf. U.N.t,., 1907, 13, 517. 


A high saponification value usually accompanies a high Reichert value 
and vice versa, but this is not always the case, vide p. 393 below. 

The Iodine Value . — 'This figure is of value oit account of the fact that its 
indications are to a certain extent independent of the Reichert and Saponi- 
fication values. It is practically a direct measure of the amounts of oleic 
glycerides present.* This is to some extent affected by the nature of the food, 
there being distinct evidence that linseed cake and other cakes cause an 
increase in this figure. This matter is discussed more fully under influence 
of feeding, page 400, and under interpreta^n of results, page 392. The 
following table gives a large range of results by different observers : 
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Table CCXVIL — Iodine Values 


Observer. 

<< 

Source. 

\ 

Number of 
Samples. 

Range. 

Richmond .... 

Various 

■ 

31*6-42*0 

Stein 

Russian 

26 

32 - 8-^-8 

Bakst and Lenin . 

Rvssian 

• • 

24-5-47-9 

>, j, * * 

Russian 


30-9-48-5 

Van Rijn . . . •. 

Dutch 

368. 

30-6-5o;3 

Siegfeld 



22-5-S3-3 

One figure of 72*37 has been given but this would 
print. Cows fed on turnips. 

appear to be a mis- 


The iodine value varies to a very large extent with the refractive index, 
and even in those cases where the R.W. figure and the refraction have not 
gone together the iodine figure will still correspond with the refraction. 
For viscosity see Analysis I9i3» 38, 458; I9i3> 32, 804; 1923, 

42, 793 A. 

A Scheme for the Analysis of Butler Fat with CorroboroHve Tests . — 
25-50 grms. of the sample of butter or other convenient quantity should 
be placed in a small beaker and allowed to melt at as low a temperature as 
possible. Where a large number of samples have to be examined it is a 
convenience to have a water-bath with a flat top, having slightly-raised edges, 
a small vent hole being fitted at one corner to allow of the escape of steam. 
The fat is then poured off from the curd and water through an open texture 
filter-paper supported in the top of a similar beaker — a Whatman ii cm. 
No. 4 is quite suitable. 

The Peichcrt-Polcnske test should be applied in every case, and where 
the Reichert value is 26 or more and the Polenske value corresponds to this 
the butter may be accepted in the present state of our knowledge as genuine, 
although, as has been pointed out above, there is a possibility of adulterated 
samples being passed. It is not easy to decide what should be done with 
samples whose Reichert value lies between*' 24 and 26, because a large amount 
of work might very easily be done to no useful purpose as the sample would 
have to be passed in the end — the action in such cases must depend to a 
large extent upon the sj)ecial circumstances of tach such sample. 

In those cases where the Reichert value is less than 24, even when the 
Polenske value is correspondingly low, the sample should be looked upon 
with suspicion and further determinations .made. The refractive index, 
saponificatiqp value and iodine value should be made and the frequently- 
scorned Valcnta test (cf. Analyst ^ 1920, 45, 19; 1925, 50, 511; J.S.CJ.y 
1922, 41, 91 2A.) should not be neglected, and a determination of the melting- 
point and mean molecular weight of the insoluble fatty acids. The method 
of Ave-Lallement (see pages 162 and 165) may give useful evidence and cannot 
be overlooked, but more work meeds to be done on this process before its 
true value can be definitely setded. The usval colour tests for sesame and 
cotton -seed oil may be carried out but, as already explained under the 
appropriate headings (pages 80-83) either positive or negative results here 
must be treated with circumspection. 

Undoubtedly the most difl cult task is the determination of even con- 
siderable quantities of lard or tailow, as <ne composition of these fats is some- 
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what similar to the ioaoluble acids of butter fat. As the matter stands at 
present it will not always be possible to decide when small quantities of 
either of these fats are present, but tne first point to consider is the relation- 
ship of the various constants one with another. Richmond, basin^is work 
on that of Thorpe, has published the^following table showing the general 
character of the relationship of the various constants in the case of pure 
butter fat : 

• 

Table CGXVIII. — General Relati©nsiiip of Various Constants 

FOR Pure Butter Fat (Richmond) 

• • 


R.W. 

P. 

• 

K. 

Potash 

absorbed. 

Solublel 

Fatty 

Acids. 

Insol. 

Fatty 

Acids. 

Mean 
Molecular 
Weight 
ol l.F.A. 

Iodine 

absorbed. 

Density. 

37 - 8737 * 8 ^ 

Zeiss 
Refractc 
meter a 
40. 

22*5 

1-7 

20-0 

219-6 

4-3 

I 

90*1 

266*9 

45*1 

0*9101 

44-8 

23*5 

1-9 

21*0 

221*4 

4*5 

897 

2f>5‘5 

43*4 

0*9104 

44-3 

24-5 

2*1 

1 21*9 

223*2 ’ 

4*7 

89 -4 

265-0 

43-0 

0*9108 

44*3 

25-5 

2-2 

' 22-4 

223*4 j 

4-8 

^ 9*3 

264*2 

40-7 

0*9110 

44*1 

26-5 

2-3 

! 22 '9 

225*4 

4-9 

88*9 

261*9 

39*5 

0-9113 

43 *« 

27-5 

2-45 

1 23-5 

22b*8 

5-2 

88*7 

261-7 

38*8 

0*9114 

43*4 

28-3 

2-65, 

1 24-2 

228*3 

5-4 

88 *4 1 

260*9 

37*2 

0*9118 

42*9 

29-5 

2-8 

24-8 

229*9 

s-^ 

88*3 

260-1 

35 '^^ 

0*9120 

42*9 

3c s 

2'9S i 

25-3 

231*4 

5-8 

87-9 

259-6 

35*0 

0*9123 

42*5 

31-3 

3-1 i 

25-9 

232*3 

57 

87-9 

258-0 

34*0 

0*9125 

42*5 

32-6 

3'3 

27-1 

232*6 

6-0 

877 

257-8 

1 

32*0 

0*9130 

42*2 


Unfortunately, however, such a table is to a considerable extent idealistic, 
and the following range for the various constants found in a series of 449 
genuine Danish butters having Reichert values of less than 25-0 obtained by 
Faber shows that a very considerable latitude must be allowed : 


Table CCXIX. — FabeiFs Results 


Reichert. 

Spccilic Gravity. 

• 

Sap. Value. 

• 

Refraction at 
40°. 

Iodine 

Absorption. 

18*4-19*9 

862*8-864*1 

2I5*2-2I7*v7 

42,-4-;3-8 

42*5-47*2 

20*0-20*9 

863*6-864*6 

» 215*4-219*8 

43-0-44-1 

42-6-49-4 

21*0-21*4 

863-5-864-7 

2l6*7-*222*2 

41 -0-44-1 

42-3-48-3 

21*5-21*9 

863-6-864-6 

215*4-219*5 

! 42 -8-4 4 -3 

42-5-49-1 

22*0-22*4 

863-7-864-9 

216*6-220*6 

1 42*6-44*4 

40-9-47-6 

22*5-22*9 

863-6-865-2 

215*8-220*9 

. 42*3-44*5 

42-0-49-7 

23*0-23*4 

863-7-865-1 

216*4-222*5 j 

42*0-44*8 

39-6-49-2 

23 *5-23 *9 

863-6-865-1 

216*2-223 •9* 1 

42*1-44*6 

39-5-49-1 

24*0-24*4 

863-7-865-3 

• 217*1-224*9. 

41-3-44-6 

38-6-49-8 

24*5-24*9 

863-1-865-7 

217-6-224-7 1, 

42*0-44*0 

40-2-47-3 


— __ 

In order that this subject may be thorougjfly understood a large number 
of complete analyses of geatiine butter fats wh Reichert values of less than 
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24 have beefn collected in the following, table from the results of Thorpe, 
Faber, Lenin, Bakst, Van Rijn, etc., so that the variations of the various 
figures in the case of genuine butter samples of low Reichert value can be 
compared with the numbers actually found in the case of a suspicious butter. 
The final decision must, of course, depend upon all the factors in the 
particular case, but this table should be of assistance in enabling the analyst 
^o come to a reasonable decision in cases of difficulty, coupled with the 
more recent methods detailed below and the Ave-Lallemant yaiue. 


Table CCXX. — Variation of Values Noted 


Reichert. 

S.G. 

ioo°/ioo°F. 

Sap. Value. 

I.V. 

Z.B.R. 

40 ° C. 

M.M.W. 

23-9 

910 

222. 


43*9 

265 

23-9 

911 

219 


43*9 

265 

23-9 

8651 

219 

417 

45*5 


23*9 

911 

218 


43*5 

265 

23-8 

8651 

222 

38-9 

44-5 


23-8 

910 

221 


44*7 

267 

23-8 

91 1 

218 

44*1 

45*7 


23-8 

91 1 

218 

447 

45*9 


238 

911 

217 

43-9 

45*9 


23-8 


21b 

45 -t' 

46*1 


23*7 

911 

221 

43*3 

46*6 


23*7 

864^ 

219 

41*3 

44*7 


23*7 

8651 

219 

40-3 

45*0 


23*7 


219 

41 -8 

45 * 4 . 


23*7 

911 

219 

43-6 

457 


23 '7 

911 

218 

44*3 

45*7 


237 

9II 

218 

46-1 

4<>-3 


237 

911 

217 

45*3 

46*0 


237 

9II 1 

2r7 

46*6 

46-3 


23-6 

91 1 

1 222 

36-0 

43*9 


33-6 

911 

! 220 


1 44*2 

264 

23-6 

9IT 

i 220 ' 


1 44 

259 

23 -6 

912 

j 220 

• 

46-4 

! 47*2 1 


23-6 

911 

i ^,*9 

39-6 

44*7 


23-6 

1 911 

219 

i^z■S 

45*3 


23*6 


1 ^19 

42-2 

45*4 


23-6 

91 1 

218 

3 (>‘ 4 . 

44*5 


23*6 

! 

218 

42-5 

45*5 


23-6 

1 9II 

218 

i 43-8 

- 45*7 


23-6 

1 9^1 

218 

447 

46*1 

263 

23*5 

1 911 

225 


42*9 

23-5 

i 910 

2tS 


45*2 

267 

23*5 

; 911 

27b 

43-6 

45*7 


23*5 

911 

2f‘6 

1, 

44 -'«. 

45*9 


23*5 

91 1 

i 2,6 

43-8 

460 


23*5 

9 TT 

! 2'5 

44-6 

463 


23*5 

911 

1 2,5 

45 -0 

46-3 

263 

23*4 

911 

i 

i 24 

1 


43-3 


i At 100715^ C. 
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Reichert. 

S.G. 

ioo7ioo°F. 

Sap. Value. 

LV. 

1 


40*' c. 

hfcM.W. 

23*4 

911 

223 

34*4 


43*2 

265 

23*4 

910 

222 



44*7 

23-4 

) 9 io 

221 

•. . 


44*0 

264 

23*4 

911 

221 

38-8 


44*3 


23-4 . 

8651 

• 218 

44*9 

• 

46-0 


23'4 

911 

217 

42-9 


44*7 


23-4 

911^ 

217 

45*4 


46-2 


23-4 

910 

214 

47*3 


47*5 


23-3 

910 

225 



44*4 

265 

23*3 

911 

221 


43*9 


23*3 

911 

220 

387 


44*2 


23-3 

912 

220 

42*4 


45*4 


23-3 

912 

219 

50*3 


47*0 


23-3 

911 

217 

43*9 


45*5 


23-3 

911 

217 

43 -3 


45-6 


23 ‘3 

QII 

217 

45*0 


46-3 


23-3 

91 1 

216 

44*5 


46-0 


23 ‘3 

9II 

214 

447 


46-0 


23-2 

9II 

220 



44*4 

266 

23-2 

91 1 

219 

47*2 


47-0 


23*2 

911 

217 

43*5 


45*4 


23-2 

865* 

217 

47-3 


46-1 


23-2 

9ri 

217 

46*2 


46*2 


23*2 

911 

216 

44*9 


46-2 


23*1 i 

910 

221 



43*5 

266 

23 'i 

()I2 

221 

38-0 


46^2 

1 * ’ 

23-1 

91 1 

218 

42-6 


45*5 


23*T 

912 

218 

42-9 


45*7 


23-1 

1 S64’ 

218 

42-3 


46 '0 


23-1 

910 

218 , 

44*9 


46-4 


23-1 

9II 

217 

43*5 


4 S-(' 


231 

8641 

217 

43*9 


4(>'3 


23-1 

9 TI 

217 

. * 45*7 


4^>-5 


23-1 

910 

2f6, 

45*8 

* 

46-5 


23*1 

911 

209 

44*5 


^ 35'0 


23*0 

9 ” 

1 

222f i 


“’i 

1 

417 

2f)6 

23-0 

910 

221 

* . , 


44-6 

* 267 

23-0 

911 

• 218 

46-4 

1 

1 

4(>-3 

23*0 

911 

217 

407 


46-3 


23-0 

911 

217 

467 


477 


23*0 

911 

216 

441. 


46-2 


22‘9 

911 

220 

462 * 


467 


22*9 

911 

219* . 

■ • J 


45-9 


22 9 

86^ 

217 

45*4 (1 

i ; 

46-0 


22-9 

909 

216 

•• ii 


44*4 

260 

22*6 

911 

219 

• 


1 i 

46*1 



' At 100715'^ C. 
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Reich^t. 

S.G. 

too°/ioo°F, 

Sap. Value, 

1 i 

I.V. 

Z.B.R. 

40® C. 

M.M.W. 

22-6 

9II 

217 

43-8 

46*0 


22*6 

9II 

216 

45-2 

46-6 . 

. . 

22*6 

910 

213 • 

45-3 

46*2 ^ 


22*5 


*222 

44*0 

• 45*9 

* • • 

22*5 

865^ 

221 

32-8 

43*2 


22*5 

864^ 

221 

44*0 

46*1 


22-5 

910 

220 


44-8 

266 

22*5 

911 

219 

43*2 

45-8 

•> 

22-5 

911 

218 • 

45*0 

46-3 


22*5 

91I 

217 

43*9 

46*0 


22-5 

9II 

217 

45-5 

46-5 


22*5 

9II 

216 

43*9 

45*9 

269 

22*4 

910 

218 


44*7 

22-4 

911 

215 

44-6 

46*2 


22-4 

910 

215 

45*4 

46*8 

267 

22*3 

912 

218 


45 -S 

22*3 

91 1 

218 

47*5 

46-5 


22-3 

911 

217 

466 

46-2 


22-3 

911 

216 

45*3 

46*2 


22*3 

911 

216 

47*0 

46*2 


22*3 

911 

216 

45*2 

46-4 


22*3 

91 1 

215 

48*0 

46*1 


22 '3 

91 1 

213 

44*5 

46*2 


22-2 

9II 

218 

41*3 

45*1 


22*2 

911 

218 

45-8 

46-4 


22*2 

911 

1 215 

41*0 

45-0 


22'I 

i Oil 

i 215 

47*2 

1 467 


22*0 

910 

222 


1 437 

266 

22-0 

910 

220 


1 43-5 

266 

22-0 

864' 

217 i 

44-2 

46*0 


22-0 

i;ii 

215 • 1 

. 48-1, 

! 45*0 


21 -8 

^ 1 

CJIl 

*218 

44-9 

46-0 


2 I '8 

864' 

217 

44-8 

1 46*2 


21-8 

910 I 

215 

45‘2 

1 45*4 


21*8 

91 I 

214 » 

46 'b 

1 46-4 

266 

21*; • 


219 


. 437 

21 *6 ' 

910 

220 


44'3 

268 

21*6 

911 

218 

4^>*3 

46*0 


21*6 1 

1 911 

216 

47*3 

46*6 


21*6 

1 

1 9II 

1 V 5 

47*3 

46*8 


21*5 

9II 

>(1 

;i8 

41-9 

45*3 


21*5 

i 91 I 


44-5 

40*0 


21*5 

91 I 

1^5 

46-5 

47*3 


21*4 

910 


44-6 

1 • • 

45*9 

* • 


>■ 100715" C. 
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Table CGXX . — continued 


Reichert. 

S.G. 

too7ic)o°F, 

Sap, Value. ' 

I.V. 

Z.B,R. 

40° C. 

M.M.W. 

m 

21*4 

8631 

217 

1 

417 

45-7 


21*4 

911 

217 

47-8 

47-5 

• 

21*4 

9 ” 

216 

46-2 

46-4 


21*4 

^II 

215 

429 

45 -4 


21*4 

9II 

213 

45-6 . 

46-2 


21*3 • 

910 

• 219 

43-0 

45‘4 


21*3 

9II 

213 

47*1 

47-3 


21-2 

865* 

215 

47-6 

45*7 


21*2 

9II 

214 

42-1 

457 


21*I 

910 

218 

47*2 

47-8 


21*1 

9II 

217 

• 45*5 

45 -9 


21-2 

910 

215 

47-9 

47'3 


2 II 

9TI 

214 

43-8 

4<>-3 


21*0 

911 

220 

32*8 

43*2 


21*0 

911 

216 

47 -Q 

46*8 


21*0 

9II 

21 1 

449 

40 -4 


20-9 

9II 

212 

40-0 

46-1 


207 

910 

217 

44*4 

46*2 

I 2 (->J 

20*6 

910 

220 


44 - T 

20*4 

8651 

214 

47 -') 

i 4^>‘b 

i 

20-3 

911 

; 216 

1 

1 48-8 

i 47*7 

1 

20*3 

910 

i 214 

49 - i 

; 47*7 

i 

20*0 

911 

i 216 

1 47-9 

i 47*5 


20-0 

9II 

! 216 

49-4 

48*2 


20-0 

9II 

1 213 

1 44-5 

1 

’ 4<>-3 


19-9 

909 

i 215 

1 

! 

; 45*5 

267 

197 

91 I 

i 215 

1 47-5 

47*3 

267 

19*4 

910 

1 215 • 

1 

46-1 

19*2 

9II 

' 213 

i 4^>'^ 

1 

; 467 


190 

911 

2T^2 

r ^'^'2 . 





214 • 

: 48-3 

! 

1 

176 

910 

213 


: ^ 47 *^ 

1 

17-0 

910 

1 212 

1 

j_ 


‘^ 47-1 

t 

1 ■ • 

! 

• r-® 


These figures have Keen condensed for convenience and the results 
obtained are contained in Table CCXXI, which should be compared with 
those of Richmond, page 393, and Faber, page 393. 

Apart from the Ave-Lallemenl value, which is discussed on page 162, 
various methods have been suggested for the Vletermination of animal fats 
in butter fat. Warburton (Levv^owitsch, Oil\ Fats and Waxes y 5th edit., 
Vol. II, p. 858) suggested that a determination Ipf the stearic acid by Hehncr 
and Mitchell’s process might be valuable, as buter gives a negligible amount, 
whilst tallow and lard give upw^ards of 20 pcwcent.; he further suggested 
that the proportion of aracliidic and ^yristic Kcids might also be valuable 

^ 100715° C. 
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tIble CCXXI. — Summary of Results 



j No. of 
Samples. 

j Sap. Value. 

c 

I.V. 

Z.B.R. 40° C. 

M.M.W. 

Reichert. 

Aver. 

Range. 

Aver. 

Range. 

Aver. 

Range. 

Aver. 

23 -9-23 -6 

30 

i 

219 

216-222 

427 

36-0-46-6 

4S-3 

43-5-47-2 

264 

23 •5-23-1 

43 ; 

218 

209-225 

43-9 

34-4-50-3 

45*5 

42-9-47-S 

265 

23-0-22-6 

14 1 

218 

213-222 

44‘9 

40-7-467 

45*9 

44.4-46-7 

• 264 

22*5-22 -1 

24 ; 

217 

213-222 

44*3 

32 -8-47 -6 

145-9 

43-2-/*6-8 

267 

22-0-21-6 

13 

217 

214-222 

46-0 

44 -2-48 -I 

45-4 

43-5-46-8 

267 

21-5-21 -1 

17 

216 

213-219 

45*3 

41 •9-47-9 

46-3 

45-7-47-8 


21-0-20-6 

6 

216 

219-222 

42-0 

32-8-47-9 

45-5 

43-2-46-8 

267 

20-5-20-0 

6 

215 

213-216 

47*9 

44-5-49-1 

47-6 

46-3-47-7 

. . 

19-9-19-1 

4 

215 

213-215 

47*1 

49-6-47-5 

46-4 

45-5-47-3 

267 

19-0-17-0 

4 1 

1 

213 

212-214 

48 -8 

48-3-49-2 

47-1 


• • 


and intimated that he had an investigation on these lines well in hand. As, 
however, the identical words are used in the sixth edition of this work, much 
assistance cannot be expected from this source. It is possible that success 
may be looked for along this line but much yet remains to be done. (Cf. 
Mitchell, Analyst, 1924, 49, 515.) 

Methods depending upon the melting-points of the glycerides which are 
described under “ Lard ” on pages 365-7, may also prove of value in the 
examination of butter fat. 

Bonier ’s method depends upon the differences between the M.Pts. of 
the more insoluble glycerides and of the respective fatty acids separated 
from these. In the case of pure butter this figure is stated not to exceed 
i-o', whereas that for lard varies betw'een 5*2’ and 6*9°. The method of 
Polenskc is based on the difFercncc between the melting-point and the 
solidifying-point of a fat when taken under standard conditions. It is stated 
that this difference varies between 12*0" and 15-0'^ in the case of beef fat 
and butter fat, wdiilst lard has a dillcrence value of at least 18*5''. It is further 
stated that butter should not be considered as adulterated with lard or other 
fat even when the sample gives a higher value than that recorded for pure 
butters, if a mixture consisting of 75 parts of the sample and 25 parts of 
beef fat yields a higher value than 15°,. and if at the same time the original 
butter yields a value below that given by the mixture. 

Two more recent methods depending upon the ether solubility of the 
glycerides have been suggested by Amberger (J.S.C.L, 1916, 35, 1077) 
and by Seidenberg {J.S.C.L, 1917, 36, 1138; 1918, 37, 633A). The 
former method depends upon the difterent solubility in ether of the glycerides 
of butter fat and of fats containing iristearin or /i-palmitodistearin. Thirty- 
one grms. of the clear melted fat at 4o'"-5o"' is placed in a warm 400 c.c. 
flask, which is then filled with ether, closed with a cork, shaken vigorously, 
and placed in a water-bath, \fter one hour it is again shaken, replaced in 
the w^ater-bath for another horr, and shaken again. If there is no appreciable 
precipitate the butter fat is s^ ited to contain less than 12 per cent, of tallow 
or the like. If a precipitate i, present, it is collected on a filter, washed with 
3-4 c.c. of ether containing 2< per cent, of alcohol and weighed; if the weight 
amounts to 0-4 grm. or more he butter fat is adulterated with a considerable 
proportion (15 per cent, or m-re) of tallow or the like. 
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The method of Seidenberg depends upon solution the fat in a mixture 
of two or more solvents (e.g., alcohol and ether), one of which is more volatile 
than the other and has a greater sojvent action upon the glycerides. Air is 
aspirated through the solution causing a gradual evaporation an(^ consider- 
able decrease in the temperature, aild the glycerides which successively 
separate are removed. In this way a fractionation of the glycerides in the 
order of their insolubility is effected, and pure products may be obtained by 
combining ^milar fractions and repeating the fractionation as many timfis 
as is necessary • 

In the second paper Seidenberg gives the following details for carrying 
out the pnQcess; Ten gtms. of the sample is dissolved in a 150 c.c. graduated 
cylinder (27 cm. high and 3-1 cm. diam.) in a mixture of ether 90, and 
absolute alcohol 10 parts by vol., sufficient of the solvent being added to 
make the total volume 96 c.c. The cylinder is closed by a rubber stopper 
throifgh which pass a thermometer and two tubes, one short and the other 
reaching nearly to the bottom of the <:ylinder. By raising or lowering the 
thermometer, the surface of the liquid is brolight between the 100 and 102 c.c. 
marks, and air, previously passed through absolute alcohol, is drawn through 
the solution at such a rate that it is reduced to about the 60 c.c. mark in not 


more than 12 or less than 8 mins. The temperature is maintained between 
10*^ and 15° by means of a bath of warm water. The volume of the solution 
is noted at the point where a distinct turbidity appears, the aspiration is 
stopped, the solution filtered rapidly, and the precipitated glycerides weighed. 
With pure butter fat the turbidity is produced when the volume is between 
44 and 68 c.c. (of 100 samples examined 94 gave a turbidity at a volume 
between 50 and 60 c.c.). I’he maximum insoluble residue found with pure 
butter fat was 0*449 8™* volume of the solution at the turbidity- 

point is more than 68 c.c., the presence of tallow, lard, or hydrogenated fat 
is indicated; when the volume is lower than 44 c.c., coconut stearine is 
probably present . 

The great disadvantages of these processes is the large amount of solvent 
which is necessary and also the differences in results likely to be caused 
by small differences in manipulation. It seems fairly obvious that future 
progress in the examination of oils depends at any rate to some extent on 
our ability to isolate the characteristic glycerides from fats and this process 
of Seidenberg must have carefuUconsideration in this connection. Some 
experiments have been commenced by the writer, but these have been un- 
fortunately held up for the time being but it is hoped to continue them at 
some future date. As in all^ otheu memods the chief difficulty will be the 
large variations in the figures obtained from different samples of pure butter, 
and subsequent work may show that the method is little, if at all, superior 
to the Valenta test. For the separation of butter fa ^by diffusion sec llackett 
and Crowley (J.S.C.L, 1925, ^4, for th^ viscosity of butter fat see 

White and Twining (JJS.C.L, 1913, 32, 804). The Valenta should, 
on no account be overlooked in any case of difficulty as the results obtained 
arc frequently of considerable value. 'J'he method adopted is fully described 


on page 90. When it is carried out in this way tfic figures for pure butter 
usually lie round about 37'^' and the addition rff lard or beef fat wdll materially 
increase this figure (cf., especially. Analyst. 1925, 50, 51 1). A further test 
which may also be of value ft that of th I nelting-point of the insoluble 
acids which usualfy lies betw’^ecn 38 ' and 45 and also the mean molecular 
weight of the insoluble acids. None of these tests will, however, be used 
as routine methods but they may be of imporW nee in cases of special difficulty 
where a full report on a particular sample is c^tecessary. 


2 c 
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obtained from ^x)mmercial samples is to leave a very extensive loop- 
hole to wholesale adulteration. The’figures given by Bolton and Revis 
have been confirmed by Trimen {Analyst, 1913, 38, 246).” 

Ghose in an examination of 67 samples of buffalo ghee obtained from 
single animals found the Reichert value to vary from 30 ’O to 42*0, whilst 
1^6 samples obtained from the mixed milk of several animals, obtained from 
various parts of India, gave figures of 29-0 to 39*0; the average of all the 
figures was 34*5. Ghose states tliat at a conference of Cficutta chemists 
in October 1918 a limit of 30*0 was suggested, but this was afterwards 
reduced to 28*0 in consideration of the possibility of accidental Admixture 
with cow’s ghee. 

The following characteristics have been observed by those whose names 
are attached : 


Table CCXXIL— Characteristics of Ghee 



Reichert. 

Polcnske 

' " ' 

Sap. 

Value. 

Iodine 

Value. 


Av 6 - 

Lallemeut. 

Acid 

Value. 

Bolton and Revis 

’ 28-4- 

1 - 4 - 

224*9- 

28*1- 

I-- 1 S 33 - 

-16*1 to 

3 - 8 - 


31*5 

2*4 

229*1 

30-8 

1*4537 

- 2*7 

7*3 

* A. K. Menon . 

'257 


218-3 


1-4528 


1*5 


^i 8-2 


206*8 


1-4556 


2*0 

K. H. Vakil . . 

20‘5- 


2 i 8 * 0 - 


1-4548- 


1 * 5 “ 


25-3 


232*2 


1-4558. 


3*6 

S. H. Trimen 

‘31.6- 

1 - 4 - 

228*1- 


1 * 4535 - 

-20 to 



36-6 

2.3 

236-3 


1*4539 

-4-3 



« 24 - 4 - 

4 - 1 - 

227*3- 


1*4540- 

-14*2 to 



3 J -2 1 

’ 6*4 

235 '5 


1*4544 

“ 1*3 


* Browning and j 

18 - 9 - 1 






0 * 5 - 

Parthasarathy . 1 

30'2 ; 



i 



0*8 

Ghose . . . . 

29-0- 1 


226-0-^ 1 


^*4524- 




42-0 1 


** 240*0 I 


1*4538 



Hogen and 

24-5- ! 

1*0- 

y^i8*o- 1 

23*0- 

1*4527- 



Griffiths-] ones . 

j 

37-0 1 

2-8 

; 235 * 0 '’ 


1*4551 



Trimen (goat) 

20*8 and ; 

and 

224*5 1 


I *4528 and 

+ i7*6and 



22-9 

4*9 

1 231*6 1 

f 

1*4549 

4-0*1 


Trimen (sheep) ^ . 

22-9 and' 

2-8 and 

! 21^*6 find 1 


1*4552 

4- 9*7 and 



26*5 


223*2 1 

f 



+ 7*7 



^ Lower figures are given hi; these authors but they classify the samples 
as of doubtful purity. ^ J, 3 .C.L, 1910, ,'19, 1428. Single samples of 
doubtful purity ? ^ Cow. 1 ^ Buffalo. * Egyptian camna. ® Syrian 
samna. ’ These high figures lare suggestive of goat butter, but the Ave- 
Lallement figures do not agre^; sheep’s milk is supposed to be the source. 
* J.S.CJ,, 1917, 36, 1 18, see note by Mitchell above. ® Not usually 
above 235. i * ^ 
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Bolton has suggested that the low Reichert valuj||ls may be explained 
by the overheating of the fat during its preparation. It is possible, however, 
that some of the higji Reichert valfies are due to rancidity. In the present 
state of our knowledge it must be asfumed that any sample of ghee which 
has a lower Reichert valunthan 30 (or 28) must be considered as suspicious, 
particularly if it is pretended that it has been prepared from buffalo milk; 
the possible presence of goat’s or sheep’s milk should not, however, Ije 
overlooked.® 

Bolton and*Kevis speak very highly *of the Ave-Lallement process, but 
Trimen does not agree entirely with them. Apart from the fact that Trimen 
has found a sample of butter which gave a positive value the fat of goat’s 
and sheep’s milk also give positive values. There is the further point that 
in some cases it would be possible to add a considerable proportion of 
adulterant before a positive value was obtained. 

Ghee is widely adulterated. Usual or possible adulterants are animal 
fats, vegetable fats and vegetable oils.* The vegetable oils are now largely 
used for this purpose particularly Bassia fat and similar products. Barnes 
and Singh {Analyst^ 191O, 41, 72) have described Poli oil (page 181) as a 
likely adulterant. 
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Margarine was defined by Sectioii 3 of the Margarine Acf, 1887, as “ all 
substances whether compounds or otherwise, prepared in imitation of butter, 
and whether mixed with butter or not,*' whilst this was" amended by Section 13 
of the Butter and Margarine Act, 1907, to “ any article of food, whether 
mixed with abutter or not, which resembles butter and is not milk-blended 
butter." The first butter substitute was made in Paris in 1870 during 
the Franco-German War owing to the enormously high price of butter. 
It was produced as the result of expe'/iments made by a Frenchman, M^g^- 
Mouries, induced by a prize offered by the French Government. The 
first inventor and several of those following endeavoured to obtain the true 
butter flavour by artificial digestion of the beef fat with the content of pig*8 
or sheep’s stomachs in the presence of sodium carbonate. Later the same 
result was attempted by churning with milk and a suspension of macerated 
cow’s udder (cf. English Patent 2157 of 1869). Artificial digestion is no 
longer resorted to, an equally good, in fact a much improved, flavour being 
produced by treating the milk with suitable cultures of lactic acid bacilli 
before incorporation into the fats. 

More recent innovations (it is open to question whether they may be 
looked upon as improvements) are the introduction of hydrogenated oils 
and the use of artificial milk prepared from vegetable sources such as the 
soya bean (cf. page 194). 

The popular prejudice w^hich existed for so long against the use of mar- 
garine was doubtlCsSS due to the carelessness which existed at one time in 
its manufacture, and the unpalatable flavour of the resulting product. All 
this is now happily a thing of the past. To ensure success the manufacture 
of margarine has to be carried out under conditions of the most scrupulous 
cleanliness, and the fats used must be fresh and free from all unpleasant 
flavour, the result being that the final product of all reliable firms is both 
wholesome and nutritious. 

In regard to the earlier ideas oi\ the nutritional value of margarine the 
following remarks extracted from a publication of the Local Government 
Board (now the Ministry of flealth) will be* of interest ** From time to 
time investigations havc^bcen undertaken with a view to ascertaining the 
comparative nutritive v^ucs of margarine and butter. The general con- 
clusion which has been arrived at is (hat there is no appreciable difference 
between die nutritive values of these fatty foods. Other experiments have 
shown that margarine, butter, lard and coconut oil are equally well absorbed. 
The usual amount of these fatty matters absorbed is from 95 to 98 per cent, 
of that ingested. It is true that more vegetable oils and fats are being used 
nowadays than formerly in thepnanufacturc of margarine, but there is no 
evidence to show that these ai/i less nutritious than animal fats. All the 
evidence available tends to show that there is*^ little or no ^difference in this 
respect between fats and oils obtained from animal or vegetable sources. 
All fats used for margarine making, whether they are of animal or vegetable 
origin, must be practically odourless and tasteless : this implies a high' 
degree of refinement and puriy^. The* advantage which butter possesses 
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over margarine is aesthetic rather than dietetic, and tbs difference in price 
between these two represents what the consumer is willing to pay for luxury.’" 
These words were written just befofe the importance of the presence of the 
vitamines or accessory food substance| had been recognised ancW therefore 
need to be revised in accordance with more modern knowledge. The subject 
is more fully discussed on page 469. 

To-day margarines are not usually prepared wholly from oils of any 
one class, bu% in every case suitable mixtures — sometimes quite complicated 
ones — are prepSrSd so that a melting-fft)int suitable to the time of year 
may be obtained. Twp main classes may be ^roughly distinguished, those 
which contain a large amount of animal oils (the better and usually the more 
expensive class) and those which consist mostly of vegetable oils (chiefly 
coconut and cotton-seed oils) and little or no animal oils. Typical examples 
of formulae for the fats of these two classes are those which were officially 

proposed in May 1918 in this country during the European War. 

• 

Table CCXXIIl. — Formula for Typical Oleo and 
Vegetable Margarines 


Oleo Margarine. Vegetable Margarine. 


Neutral lard 

• IS 

Premiere jus 

• 15 

Premiere jus 

, 10 

Coconut oil 

• 15 

Oleo oil ... 

• 30 

Palm-kernel oil 

• 50 

Coconut oil 

. 20 

Arachis oil . 

. 10 

Cotton-seed oil 

• 25 

Cotton-seed oil 

. 10 


The composition of members of each class may differ more or less widely. 
The writer is very much indebted to Dr W. Clayton for permission to make 
use of the following formulae which arc taken from his book, Margarine^ 
published by Messrs Longmans, Green & Co. This book, which gives a 
detailed account of the history and modern preparation of margarine should be 
consulted for further information on these subjects than can be given here. 
The following formulae have been found to give satisfactory oleo margarine : 

Table CCXXIV. — Composition of the Fat of Oleo Margarines 



I. 

2. 

3- 

Neutral lard . 

• 29 

20 

16 

Oleo oil ... . 

60 

55 

50 

Premihe jus . 

’ > 

6 

Cotton-seed oil . ^ . 

• II 

H 

IS 

Coconut^il . • 

• 

II 

— — 

13 

m 

TOO 

100 

100 

Whilst those below are typical of tho^ used in the production of vegetable 
margarines. * 

Table CCXXV. — Composition 

OF THE Fat 

OF Vegetable Margarines 

Coconut oil , . . 

85 * 

2 . 

60 

J- 

45 

Palm-kernel oil •. 

30 

20 

Cotton-seed oil . 

15 

10 

20 

Oleo stearine . 


15 


^ 100 

100 

100 
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Many Continentel countries (e.g., Belgium, Austria, Germany) insist 
upon the incorporation of 5-10 per cent/ of sesamd oil in order to assist in 
the subsequent detection of the margarine, whilst others use other substances 
such as potato starch. It has, however, been well pointed out by Lewko- 
witsch that “ the adulterator in defiance of the law, can easily prepare mar- 
garine to which no sesam^ oil has been added. But even if, by careful 
supervision, a margarine maker could be prevented from omitting the sesam6 
oil, it is easy to circumvent the Baudouin test by employing colouring matters, 
which give a similar reaction to ^csam 6 oil with hydrocYilOric acid alone. 
Fendler, as also Lewkowitsch (before a Parliamentary Committee), have 
shown that if it be attempted’ to wash out such colouring matters by treating 
the fat with hydrochloric acid, the treatment must be repeated so often 
that finally tlie fat no longer gives the Baudouin reaction, whether sesam^ 
oil be present or not. As the addition of colouring matters is not forbidden, 
it is obvious that the enforced addition of sesame oil to margarine cannot 
be of any lasting help to the analyst.** On the other hand, genuine butters 
have occurred which faintly gave the Baudouin colour test. On the strength 
of this test these butters would have been judged to have been adulterated 
with margarine. The colour reaction in these butters is due to part of 
the chroinogcnetic substances of sesame oil having passed into the milk 
fat of cow^s fed with sesame cake. Although very many feeding experiments 
with sesame cake have been carried out by a considerable number of observers, 
no concordant conclusions have been obtained. Whilst Baumert and 
Falcke, Thorpe, and others have showm that the chromogenctic substance 
of sesame oil does not pass into the milk, there are a number of other observers 
(Vieth, Sicgfeld, a.o.) who deny this statement, and stale that they distinctly 
obtained tlic sesame oil reaction with butler made from the milk of cows 
that had been fed on sesame cake.” 

Margarines for industrial use by bakers and confectioners, etc., differ 
somewhat in composition from those intended for household or table use. 
The following formulae, for example, may be taken as typical for the manu- 
facture of cake margarine for which a fairly low melting-point {22^-2^°) 
is required : 


Table CCXXVI. — Composition op* Fat of Cake Margarines 



vi. 

2. 

3- 

Oleostearine . . s 

« 

23 



Premiere jus 

30 


37 

OIco oi] . . . 



21 

Coconut oil 


• 70 


Palm-kernel oil . 

r 

10 


^ ’T/otton-seed oil . 

47 

20 

42 


100 

100 

100 


Pastry margarine has usually a considerably higl^r melting-point 
(3,S°”40°) than that of cake margarine (22’^-25°) and, of late years, has con- 
tained in some cases large amounts of hydrogenated oils. The following 
formulas may be taken as representative of the fat of this class of* 
margarine : 
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Table GCXXVIL— Composition of Fat of Pastry Margarine 



• 


4 


. I' 

2. 

3. 

Oleostearine . . 

65 

50 

35 

Premikre jus . 

I? 

30 

20 

Palm-kernel oil . 

. . . 

. . 

35 

Cotton-seed oil . 

20 

20 

10 


100 • 

100 

100 


The modern methods of manufacture differ among themselves to a 
considerable extent both in the actual methods used and in the necessary 
plant. The method outlined below is in use in one of the newest English 
factories and gives excellent results. Details of other methods are given in 
Clayton’s Margarine. * 

The respective quantities of the various?* oils and fats are melted and run 
into a tank, whilst the requisite skimmed milk prepared in a manner to be 
described later is placed in a smaller tank alongside. The oil and milk are 
then run down separate pipes into an emulsifier which consists of cylindrical 
steam-heated vessels containing mcchanically-driven paddles. In these 
vessels the fats and the milk are thoroughly incorporated and a perfect 
emulsion is obtained. When the emulsification is completed the mixture is 
run into cold horizontal drums which also contain mechanically-driven 
paddles. The mixing process is then continued until the margarine has 
become solid. It is then delivered by means of an Archimedean screw on to 
tables where it is immediately packed into boxes and sent into cold stores. 

The milk which is used in the process is soured artificially by means of 
pure cultures of the lactic acid bacillus. It is contained in large vats which 
are fitted with steam-pipes by which the milk is heated to the desired tem- 
perature. The milk which has been treated with the pure culture is then 
intimately mixed and the whole allowed to stand until the souring process 
is completed. 

The chief points that have to be carefully attended to in order that the 
best results may be obtained arc absolute cleanliness and perfection of 
emulsion. The need of absolute# cleanliness must be emphasised as with- 
out it there is no possibility of preparing a margarine of good flavour which 
will keep well. Machinery is completely dismantled every week and 
thoroughly cleansed and sterilised# The great importance of this is shown 
by the fact that^some years .ago an English margarine factory suddenly 
developed trouble — many complaints being receujed of the poor keeping 
properties of the margarine. The plant was immediately dismantled and 
thoroughly cleansed and sterilised but the trouble did not abate. Ii)ventually 
it was discovered that one pipe, only a^few inches in length, had beco entirely 
overlooked in some mysterious way and that it had not been cleanea for 
several weeks — when this point had been corrected no more trouble was met. 
The cause of rapid development of excessive rancidity in a margarine should 
be looked for along similar lines. The faft that the emulsion must be as 
perfect as possible will be fairly obvious, as otherwise it would be impossible 
to obtain a product of good texture. 'Fhe important point to watch is to 
make sure that, the nearly perfect emulsion having been made, the margarine 
is copied rapidly before it has time to break. (For further details see Clayton, 
y.S.C.T., 1919, 38, 113T and British Association, 2nd Report on Colloid 
Chemistry, 1921, page 11 : 4 .) 
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In those cases where the process outlined on page 407 is not used — ^that 
is to say when the looled margarine is obtained in die form of flakes or 
powder — it is worked on tables or in drums to give it the desired texture and 
appearance, and with the object of incorporating salt, preservatives, colour- 
ing matter and sometimes flavouring. At this point, too, certain margarines 
have had small quantities of butter worked into them so that the product 
might be sold — however unfairly and unlawfully — as “ Margarine blended 
\(rith Butter.” It will be obvious, however, that the mixturet under these 
conditions cannot be as intimate and uniform as in thos6 lases where the 
butter is mixed with the oils in the liquid conditions. 

Colouring Matter . — Although palm oil or maize oil is sometimes used to 
produce colour in margarine in imitation of butter colour the method .usually 
adopted is tq use an artificial colour. At one time annatto and other natural 
colouring matters were largely used but these have now mostly given place 
to some kind of oil-soluble coal-tar dye. “ Butter colours ” are frequently 
sold containing the colour dissolved in a suitable oil. The quantity of coal- 
tar colour required is in the region of 2 parts per million. 

Preservatives . — By far the most common preservative is boric acid or borax, 
or a mixture of the two — in fact in recent years other preservatives are 
seldom found. Many other substances, however, have been used from 
time to time, the chief being as follows: Salicylic and benzoic acids, fluorides, 
sulphites, formalin, nitrates, ]8-Naphthol, etc. The Departmental Committee 
on preservatives recommended a maximum of 0-5 per cent, of boron pre- 
servative expressed as boric acid, but this is most certainly a maximum 
figure, 0'3 per cent, being the usual. The following figures give the per- 
centage of boric acid for samples bought under the Food and Drugs Acts 
in Salford during recent years ; the new regulations concerning preservatives 
will doubtless result in almost the complete elimination of all such substances 
from margarine. 

Table CCXXVIIl. — Percentage of Boric Acid in Samples 
OF Margarine 


Total 


Per cent. Doric Acid. 


Year. 

Number 1 
of SanipJcs. | 0 5-0 41 

« 

i) 4-0 31 

0 3-0 21 

0 2-0*11. 

0 I-O 01. 

0. 

1914 . . . 

' 

8 i ... 

3 

t 

3 

I 


1915 . . . 

21 i I 

3 

■ 8 

8 • 

I 

. . 

1916 . 

61 ^'1 . . 


27 

27 

7 

. . 

1917 . , . 

106 i 

3 

50 

46 

7 

. . 

1918 . 

II * .. ! 

H 

3 

3 

I 

. . 

1919- 1 -r . 

22 1 . . 

I 

4 

• 7 

8 j 

2 

1920 . 

! 23 \ 2 

I 

5 

6 

9 

. . 

1921 . . 

1 20 1 . . 


S 

8 

7 ! 

. . 

1922 . . 

20 * • . 1 

! ♦ 

I I 

H 

4 


I 


According to Escales and Schlesinger {Analyst, 1922, 47, 171) a so-called 
“ ester margarine ” was prepared in Germany by churning “ ester oil ” 
(ethyl and glycol esters of fatty acids) with refined oil and milk. A new* 
edible product was also prepared by estqrifying stearic acid with isopropyl 
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alcohol. The resulting ester melte at 24°) has a pleasant taste and can be 
used as a main constituent of margarine. I 

Ethyl butyrate and other esters of volatile acids have also been used 
ostensibly to produce a butter flavour, but the fact that such an addition 
would give a considerable Reichert value is quite possibly another reason 
for its use. {Analyst, 1909, 34, 50.) The use of such preservatives as benzoic 
acid {Analyst, 1907, 32, 218; 1908, 33, 39*^; 1913, 38, 68) will also increase 
the observech Reichert value, but these difficulties are easily overcome, th’fe 
first by removfhf the added ester with* alcohol (the constants of the fat, 
especially if containing jcoconut oil, may be somewhat modified by this treat- 
ment) and the second by washing the fat with water or with very dilute 
sodium- carbonate solution. 

General articles on the manufacture of margarine are given by Clayton 
{J.S£1.L, 1917, 36, 1205) and by Watson (Abstract, J.S.C.I., 1921, 40, 
159A). The use of hydrogenated fish oil is discussed by Klirnont and Mayer 
{y,S,C.I., 1915, 34, 148). According to Clayton this is never used in 
margarine in this country, although the author has seen a sample of hard fat 
in a works in this country which the manager said was hydrogenated fish 
oil and which was presumably being used in the manufacture of margarine. 
One objection to the use of hydrogenated fish oils is the possibility that the 
odour might return after the fat has been kept and become slightly rancid. 
Other suggestions which have been made arc that the quantities of nickel 
likely to be present are a potential source of danger to health and that the 
high melting-points of the resulting fats will lead to greater difficulty of 
digestion. Other workers have shown that the latter fears are groundless. 
In many cases the nickel is completely removed and even where it is not 
the amount remaining is quite minute and has been shown by Lehmann 
{J.S.CJ., 1914, 33, 763) and Bordas {J.S.C.L, 1919, 38, 787A) to be quite 
harmless. The melting-point of a completely hydrogenated fat is, of 
course, high and in many cases considerably above blood-heat but, as a matter 
of fact, such products cannot be used by tliemsclves in margarine manu- 
facture. Frequently the process of hydrogenation is only carried to an 
extent that will give the required melting-point, but in the case of a harder 
product it is mixed with liquid oils so that the desired texture may be obtained. 
Hydrogenation may be deleterious in that the whole of the vitamines may be 
destroyed during the process. (Cf. page 469.) 

The use of oils having toxic proj>crtics in margarine is not unknown, 
whilst harmful results may arise from other sources such as the use of unsuit- 
able flavouring essences. Ifertkofn {Analyst,^ 1911, 36, 65) has shown that 
in some cases thetiise of amyl*csters of fatty acids and also the esters of the 
lower members of the oleic series may lead to harinful results as such esters 
are produced by the interaejion of potassium cyanide with alkyl halides, 
ketones, etc., and are usually more 01^ less poisonous. Most of the cases of 
poisonous margarine ha^x, however, been produced by the use of oi-kJb-y^ing 
toxic properties. During the year 1910 a considerable number of cases 
occurred in Germany of poisoning with the so-callcd “ Backa-margarine.’* 
Certain of the flavouring agents were at first suspected (cf. Hertkorn above) 
but the source of the trouble w^as finally traced to the use of Cardamom or 
Maratti fat (Thoms and Muller, Analyst, 1911, 36, 542; Reinsch, who 
called it “ Marotty oW,"' J.S.C.L, 1911, 30, 139). This oil, which had been 
imported from India by way of Bombay, was a greenish-grey solid substance 
of the consistency of coconut fat, with an aromatic odour recalling that of 
1 ) 203028 . In the purified state it was white to yellowish-white and had only 
a very faint odour. The*followin^ characters have been observed : 
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Table CCXXIX.— Characteristics of Cardamom Fat 




Observ^. | 

1 

No. of 
Samples. 

R.l. 40. 

Acid 

yalue. 

1 

Sap. 

Value. 

1 

R.M. 

I.v. 

Titre. 

°C. 

1 

1 

M.Pt. 

[Crude . 
Reinsch] 

5 

i-472i- 

■ 

i8-8- 

203*1- 

0*8— 

93-0- 

58-8- 



1-4731 i 

287 

205*3 

1-3 

94-7' 

64-5 


[Purified . 

2 

1*4721-^ 

|o-8- 

203*5- 

0*6“ 

•88-5- 

S4-0- 

. . 



I *,4730 

7.9 

208*1 

1*1 

94-0 

58*0 


Thoms & Muller . 




201- 


88- 

54*0- 

22- 




j 

212 


94-8 

58 '0 

24 

German Custtvns . j 

1 

1*4731 


202*7 


97-6 

79*1 

22- 


1 



{ 

i 



25 


J.S.C.L, 1511, 30, 293. 


The oil is obviously similar in character to chnulmoogra oil, and Thoms 
and Muller investigated the source, which they stated to be a species of 
Hydnocarpus, probably //. kurzii, M^arbiirg (syn. Tarakiogenos kurzii^ 
King) — they found it to contain palmitic, hycluocarpic and chaulrnoogric 
acids. They further found that a dose of 0*04 grrn. of the oil killed a white 
mouse within an hour and a half. Lendrick, Koch and Schwarz, however, 
although, of course, they agree that it is obtained from the Hydnocarpus 
species, do not consider that the oil is obtained from H. kurzn. These 
authors found chaulrnoogric and hydnocarpic acids but not palmitic acid. 
They consider the absence of palmitic acid to be noteworthy, as Power and 
Barrowcliff (J.S.C.L, 1905, 24, 741) found ihivS acid to be present in //. kurzti 
and H. anthelminlica fats, but not in II. wiyliiiana fat. They state also 
that the external appearance of the seeds of ll. wighiiana and H. venerata 
closely resembles that of Ceylon cardamoms (J.S.C.I.y 1911, 30, 293). When 
administered to dogs the fat produced irritation of the mucous membrane of 
the stomach and caused \oiniting; in many cases the symptoms were of a 
grave nature and were accompanied by convulsions. A complete biblio- 
graphy is given by Grimme {J.S.C.J., 1911, 30, 918). 

Composition of Margarine. — 'Fhe compusition of the non-fatty portion of 
margarine is, with the exception of the preservative other than salt, very 
similar in kind to that of butter but considerably less in amount, the amount 
of curd, for instance, will not, as a general rule, exceed i per cent. A com- 
plete analysis is not usually neceSvSary, thc' determination of water and 
preservative giving the ('csired information. The direct determination of 
fat is sometimes required as there are many advantages in fixing a fat standard 
for margarine in place of a w^ater standard as is usually done. Margarine 
shoidiL^"''rtainly contain not less than 80 per cent, of fat. 

Methods of Analysis. — Non- Fatty Portion. — The determination of the 
various non-fatty ingredients such as curd, salt, whaler and preservative 
may be carried out in the same^way as for butter, pages 427 to 434. As 
already mentioned the most usual preservative is some compound of boron, 
the quantity being returned as boric acid. 

The Examination of Margarine Fat. — T’he chemist whe has had only a 
small experience of fat analysis, must be warned that although at times the 
problem of margarine analysis may be comparatively simple, yet, owing to 
the increasing number of oils that are being placed on the market suitable 
for margarine manufacture, the matter is becoming 'more and more complex, 



MARGARINE 


411 

and frequently it is only 'possible to state the particular class of oil which has 
been used, leaving the actual member of the class morf or less unidentified. 
The difficulties are further increased by the somewhat wide variation in the 
composition of natural products; thus although two different oil%,may have 
quite distinct analytical figures if thSy are of average composition, yet, 
slightly abnormal oils may approach each other in composition to such an 
extent as to make identification difficult if»not impossible. For the deter- 
mination of ^Jie approximate composition of a mixture of oils and fats it fe 
necessary, theredA*e, to assume that cack constituent has an average com- 
position. As a general rule this is a legitimate assumption and one which 
does not fead to serious error. From the abovfc remarks it will be seen that 
it is not infrequently impossible to delect admixture with oils where the 
amount of any one of the ingredients falls much below 10 per ^ent., except 
where a colour test is available or where, as in such cases as butter or arachis 
oil, some characteristic and easily determined glycerides are present. This 
fact is not, however, of very great irr4:)ortance ; it merely suggests caution 
in the interpretation of analytical results,' especially in the hands of the 
inexperienced. (Elsdon, Chemical AffCy 1923, 8, 450.) 

Preparation of the Fat, — Before the examination can be commenced the 
fat must be prepared in a clear and dry condition. This may be done by 
melting 50 grms. or so in a small beaker and filtering through a coarse filter- 
paper (e.g., Whatman, No. 5) standing in a warm place — the lop of the water- 
oven is very suitable. The fat so obtained should be perfectly clear and bright 
and should be well mixed before portions are drawn off for the various tests. 

After solidification the fat should be always completely liquefied before 
portions are removed, to prevent any possibility of fractionation. 

Examination under the Food and Drugs Acts. — Under normal circum- 
stances it is not necessary to determine in detail the composition of a mar- 
garine fat bought as a sample under the Food and Drugs Acts. I'he only 
legal requirement as far as the composition of the fat is concerned (apart, 
of course, from unwholesome ingredients) is that it shall not contain more 
than 10 per cent, of butter fat — an adulteration by the addition of excess of 
butter fat is most unusual as it is not a commercial proposition under exist- 
ing conditions, moreover, as it is not to the prejudice of the purchaser, it is 
merely a technical ofi'ence under Section 8 of the 1899 Act and not an ofl'encc 
under Section 6 of the main Act, «o that a prosecution w^ould only be likely 
where there w^as some evidence to show that the mixture had been prepared 
with the object of .selling it as butler. 'I'Jie reasons for thus limiting the legal 
percentage of butter are su]jiniari4.cd on page 415. The determination of 
the percentage oj^butter fat is therefore frecfucntly necessary for this and 
for other reasons, such as the composition of pa*pplies to hospitals, etc. 
The methods used and the calculations involved are gh cj in detail below. 

Determination of Butter F(ft. — Butler fat is determined by the method of 
Kirschner (see page 15J.) the Reichert and Polcnske values being n^'ces^ary 
for purposes of the correct interpretation of the results obtained. The 
general principles of the method for calculating the proportion of butter 
from the results obtained arc given on page 334 yndcr the determination of 
coconut oil, the main point being that rhe^ Kirschner value for any given 
mixture is proportioned to the amount of l:)utter contained therein. Where 
coconut oil and cyls of a simifhr character arc practically absent, i.e., where 
the Polenske is not more than 2-0, the amount of butter may be calculated 
from the formula : 

k:-o-3 

percentage of butter =- 
^ ^ • 0-235 
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Where K is the Kirschner value of the mixture and 0*3 the average Ktrschner 
given by a margarine^containing no butter*or oil of the coconut class. Where 
the Polenske value is more than 2 the right-hand side of the above equation 
must be corrected in accordance with the actual Polenske value found, as 
given in the following table : 


, Polenske. 

2 - 0 - 4-5 

5 •0-7*0 

7 - 0 - 9-0 
9*o-io-o 

I0-0-I2-0 
I2-0-I7-0 

The percentage of butter fat can also be calculated, but with a somewhat 
lower degree of accuracy, from the Reichert value from the equation; 

. ri R— 0*0650-0*2 

percentage of butter fat= 0*284 

Where R is the corrected Reichert value obtained as described on page 335, 
The formula of Bolton, Richmond and Revis {Analyst, 1912, 37, 183) is 
somewhat simpler than the above, but for amounts of butter round about 
I per cent, is inclined to give somewhat high results ; 


Equation. 

K-P /6-P-2 

0'235 

K -P / 6 -0*1 

0*235 

K-P/7 -0-I 

0*235 

K -P/8 -0*1 
0*235 

K— P/io —0*1 

K -P/10 

0*235 


t K — (0*262?^' 0*09) 

butter per cent. — - 


0*242 

or nearly as exactly by 

, K — (o*iP +0*24) 

butter per cent. ^ — 

0*244 


The Dctcrniination of the Fat-noi-Butterf'^ of Margarine . — The amount 
of coconut oil having been determined by the method given on page 334 
and the butter as given above from a consideration of the Reichert, Polenske, 
Kirschner value (due care, of course, having been given to the distinction 
between coconut, palm kernel and ottiCr oils of the same family) it may be 
nedessafy to continue the examination for the detection and determination 
of the other constituents of the mixture if any are present. In the first 
place colour tests may be applied for sesame and cotton-seed oils, the remarks 
on these tests, which may be R und on page 80, being kept well in mind. 
Reasonable positive results may be taken as proof that the oils indicated are 
present, but mere traces may be disregarded. It should be remembered 
that a pure hog fat even when the animal has been fed on oil cake seldom 
gives a reaction for more than 5 per cent, of the oil in question so that such 
an animal fat when diluted in a margarine with other fats will only give the 
faintest reaction. A negative reaction for cotton -s^ed oil does not necessarily 
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show that this oil is absent. (Cf. pages 320 and 205 for tests for palm and 
maize oils.) 

The first two determinations shopld be the iodine value and the refractive 
index. The amount of butter fat and coconut oil (or similar ojl) present 
being known, the calculated values for tBese may be substituted and the values 
thus obtained for the remainder of the oils present. Vegetable oils will 
have higher iodine values than animal oilsf whilst the presence of vegetable 
oils will be confirmed by a high refractive index. The saponification valu^ 
is occasionally yseful more particularly *in the case of an oleomargarine 
(margarine free from butter and coconut oil), but as a general rule 
any information so obtained can be deduced from the other usual 
tests. 

Where a high iodine value is obtained indicating the presence of liquid 
vegetable oils the results of the colour tests should be taken into account, 
and Where there is a possibility of the presence of arachis oil an attempt 
should be made to isolate arachidic ^cid as explained on pages 260-262. 
Where there is any doubt as to the presence of a larger amount of the semi- 
drying or non-drying liquid oils or a smaller amount of the drying oils the 
problem may be simplified some^\hat by the determination of the iodine 
value of the liquid fatty acids, but, unfortunately, the additional information 
so obtained seldom repa3's the trouble invohed in the separation. (See 
iodine value, page 137, and separation of liquid fatty acids, page 45.) It 
may not always be possible to state definitely the exact liquid oils present, 
but it is usually comparative!} simple to give the approximate quantity 
as a class. Settimj and Maurantonio [Analyst ^ 1913, 38, 21) suggest that 
the greater part of the vegetable oils present may be separated by heating 
a portion of the sample with rather more than its own v'olumc of 95 per cent, 
alcohol, allowing to cool and decanting the alcoholic layer. On evaporating 
the alcohol much of the liquid oils and little of the animal oils will be obtained, 
the method, although useful, is by no means as absolute as these authors 
imply. 

The animal fats (lard and beef fat) will be indicated from the melting- 
point of the margarine when taken in conjunction with the already known 
constituents of the mixture and the distinction between the tw'o may be 
made by means of crystallising the fat from ether and examining the crystals 
obtained along the lines suggested fgr the presence of beef fat in lard (page 364) 
and beef and lard in butter (]iage 398). The presence of h}drogcnated oils 
will simulate, in several of these tests, ihcjiresence of beef fat. Idie presence 
or absence of hydrogenated oils is not always an easy matter to decide, but 
careful consideration of theVjrious results (^<)tained and the special tests 
for nickel and “ nf^v-acids,” described on page 4^4, will prove of value in 
arriving at a conclusion. Comparison should alw^ays be made with mixtures 
of knowm composition cspeciaMy in the case of factors, such as the melting- 
point, which arc not strictly additivx*.^ The following lal)lcs due to^Clayton 
[Margarine^ page 114) Will assist in the elucidation of the composition of 
samples of margarine. The first table gives the composition of eight mix- 
tures of fat prepared in the laboratory; the second table gives the analytical 
figures which were observed for these mixllires. 'J'he student should take 
the results given in the second tabic and work out from these the proportion 
of the ingredients likely to* be present and compare the results so 
obtained with th? actual composition of the mixture as given in the first 
table. 
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Table CCXXX.— Composition of Eight ^Mixtures of Fats 


“T 

Fatty Constituents. 

A. 

B. « 

i 

c. 

D. 

E. 

F. 

G. 

H. 

Butter fat 


10% 




10% 

10% 


pico 

sS 

5° 


30 




60 

rremiire jus 



. . 

10 

IS 

• • # 

. . 


Coconut oil 

25 

25 

50 

25 

IS 

> 

35 


Palm-kernel oil ... . 



30 




3S 


Cotton-seed oil . . . 

10 

^ 5 

20 

20 

20 

io 

10 

Ground-nut oil . . . . 



20 






Lard 




15 




30 

Hardened whale oil . . 

10 

1 

10 








Table CCXXX I. —Analytical Values from Foregoing 


Analytical Value. 

A. 

B. 

C. 

1). 

E. 

F. 

G. 

H. 

Reichert-Meissl No. 

27 

5-9 

S-6 

1*5 

4*2 

8-9 

7-4 

I-O 

Polenske No. 

4-6 

4-8 

12*0 

3*2 

9*1 

II-4 

9*3 

1*0 

Kirschner No. . . . 

0-8 

274 

1*5 

0*5 

0*8 

37 

37 


Total Blichfeldt No. 

5-25 

8*2 

14*6 

5*2 

10*0 

177 

15-1 


Soluble „ „ 

o'85 

3*2 

2-2 

0’8 

1*86 

4-9 

4-6 

. . 

Insol. ,, 

4*4 

4-9 

12-4 

4-4 

8*14 

12*8 

10-5 


Saponification value . 1 

212-0 

214*3 

2427 

210 ] 

234 

242 

234 

198 

Iodine value . . . . ; 

4771 

42-17 

29-1 

56-1 

34*1 

32-2 ! 

34-0 

55-6 

Refractive index at 40"" C. 1 

46-0 

46-0 

40-0 

46-8 

43*0 

40*0 

40-8 

49-3 

Melting-point . , . | 

27'3 

28-8 

207 

23-6 

24-8 

20*5 

21*8 

r.8*o 

Halphen test .... 

f-r 1 

4- 

- 

+ r + 

■f 4- + 

4 -1- 4- 

4" 4“ 4 

i- 

Belfield test j i 

+ 1-4 

-f 4- 4- 

1 

+ ( +' 
-* i 

1- ! f 

~ 

: 

4 4 f 
4 4 

Nickel test . . . . | 

1 

4 

' 1 


- 



- 


Le^al Requirements for Margarine . — The first special enactment in con- 
nection with margarine was contained in the Margarine ^Act of 1887 which 
was passed, as stated in*-:he preamble, to make provision for protecting the 
public against the sale as butter of substances made in imitation of butter, 
as well as of butter mixed with any such substances. This act after defining 
mfyrganne (the definition is quoted oii page 404) states that no butter sub- 
stitute shall be lawfully sold except under the name of margarine and further 
that “ Every package, whether open or closed, and containing margarine, 
shall be branded or durably marked ‘ margarine ’ on the top, bottom and 
sides, in printed capital letters, A’ot less than three-quarters of an inch square ; 
and if such margarine be exposed for sale, by retail, there shall be attached 
to each parcel thereof so exposed, and in suclf manner as tp be clearly visible 
to the purchaser, a label marked in printed capital letters not less than 
one and a half inches square, ‘ Margarine and every person selling, mar- 
garine by retail, save in a package duly branded or durably marked as afore « 
said, shall in every case deliver the same to the purchaser in (or with) a paper 
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wrapper, on which shall 'Ije printed in capital letters (not less than a quarter 
of an inch square) ‘ Margarine.* 

The word ‘ package * in this section refers to the large 56 lb. wooden 
boxes in which margarine is ordinarily sold in bulk and does not refer to 
a sale by retail of, say, half a pound. %e word ‘ parcel ’ refers to‘’^e whole 
block or bulk when exposed for sale in a retail shop and may consist of a 
number of small packets resting on one jnother. The words * or with * 
are repealed by Section 6 of the 1899 Act and the Words ‘ not less than 
a quarter of 3 n, inch square * have been altered to ‘ capital block letters 
not less than haff an inch long and distinctly legible and no other printed 
matter shall appear on the wrapper. . . .* 

The Act also contains provisions for the registration of margarine fac- 
tories, and this has been extended to wholesale dealers in Section 7 of the Sale 
of Food and Drugs Act, 1899, been extended by the ’Butter and 

Margarine Act, 1907. 

^ The Sale of Food and Drugs Act, 1899, extends the provisions in regard 
to the sale of margarine to margarine cficese and limits the amount of butter 
fat lawfully present in the fat of margarine to 10 per cent, (see below). 

The Butter and Margarine Act, 1907, refers to the registration of butter 
and margarine factories and their inspection. It lays down the limit for 
the percentage of water in butter or margarine as 16 per cent, and has the 
two following clauses : “If in any wrapper enclosing margarine, or on 
any package containing margarine, or on any label attached to a parcel of 
margarine, or in any advertisement or invoice of margarine a person dealing 
in margarine describes it by any name other than either ‘ margarine,’ or a 
name combining the word * margarine * with a fancy or other descriptive 
name approved by the Board of Agriculture and Fisheries and printed in 
type not larger than and in the same colour as the word ‘ margarine,* he 
shall be guilty of an offence under this Act.** “ A name shall not be approved 
by the Board of Agriculture and Fisheries for use in connection with margarine 
if it refers to or is suggestive of butter or anything connected with the dairy 
interest, nor shall such a name be approved as a name under which milk- 
blended butter may be imported or dealt with.** 

It v/ill be seen from a careful study of these two sections, together with 
Section 27 of the 1875 Act, that the sale of any substances described as 
“ Butter mixture,** “ Margarine mycturc,*’ “ Margarine mixed with Butter ** 
is illegal, although a statement that “ Elephant margarine is blended with 
pure butter,’* not being a name, would probably not be an offence under 
the label section of the 1907 Act. The'latter description, however, would 
be an offence under Section 6 of tfie 1875 Act* as a blend suggests that the 
substance blended effects the taste of the finished ar^cle and it would require, 
at the very least, 20 per cent, of butter to flavour seriously any margarine 
except a perfectly tasteless one^ In any case where the product did contain 
this amount an offence would be cor.i<mitted under Section 8 of the 1899 
Act, so that the sale of an article so described is obviously quite illegal. * - * — 

At first sight it may not be easy to see the reason for restricting the amount 
of butter fat in margarine fat, yet the provision is, nevertheless, quite a wise 
one. Before the passing of the 1899 Act it \^/as found that margarines were 
being prepared containing up to 80 per cent, of butter and it will be obvious 
that such a mixture although legally “ margarine ” has only a commercial 
advantage if sold ?is “ butter ” and w’^as doubtless so intended to be sold. 
When such fraud was discovered the defence could always be that a mistake 
liad been made and that the substitution was accidental. 

When the 1899 Act was going through Parliament it was decided that, 
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in order to make substitution less likely, butter fat should be entirely excluded 
from margarine, but, the manufacturers ilrged that a small trace of butter 
fat would always be present on account of the use of milk or separated milk 
during the^ course of manufacture and so they asked to be allowed a certain 
small percentage to cover this difficulty. An amount of lo per cent, was 
suggested, an amount which was considered to be far in excess of anything 
likely to be present, in order tojiallow for all eventualities — at the time of 
the passing of the Act the idea that anyone would take advantage of the full 
10 per cent, was never contemplated. No butter fat, as tVch, is used now 
except with the idea of using some such phrase as “ contains the higliest 
percentage of butter legally possible so that the public, who, generally 
speaking, have no knowledge of the limit of lo per cent., may be misled 
into thinking that the article in question is something different from margarine. 
The law on this subject may be summed up in a few words — if a given butter- 
like substance is not butter (or milk-blended butter) it is margarine. 



CHAPTER XXVII 


DAIRY PRODJJCTS 
Milk* 

Milk is the natural secretion of the mammary j^lands of the female mammal 
intended for the nourishment of the young. These glands are active over 
a more or less indefinite period immediately following parturition. The 
milks from diflFerent animals, although having similar general 'composition 
and •characteristics, have various marked dilferences in the nature and 
amount of their constituents, and it is quite impossible to draw conclusions 
as* to the milk of one type of animal from* observations on that of another 
type. 

The milk of the cow is by far the most important from the commercial 
point of view in this country and it has been studied in some detail — a large 
amount of work, however, still remains to be done before our knowledge of 
even this one can be considered at all complete. The milks of other animals 
have been studied to a much less extent and, comparatively speaking, very 
little is knowm of their constitution. 

All milks are alike in that they consist of water, fat, proteins, sugar and 
mineral matter, but not only the amount of these varies within wide limits 
for different animals but also the actual members of these individual classes. 
The composition of the more important milks will be given below as far as 
it is more or less definitely known. 

Cow’s Milk 

General Composition. — Cow’s milk, like that of the milk of all other 
animals, being a natural product its composition, in so far as the proportions 
of its constituents are concerned, is subjected to variations depending upon 
various factors. The time and method of milking, the food of the animal 
and its environment, the w^eather conditions and the breed all influence to a 
certain extent the amount and proportion of the various constituents, but it 
may be taken as a w^cll-established fact tjiat, apart from the wcll-recognised 
seasonal variations and the effect qf different intervals of milking upon the 
morning and evening milkin)^,^thc milk suppHed by a herd of good cow's 
under fair average^'onditions will not vary very gj;i>atly from the following 


average composition as given by Richmond : 

Water . * 87-34 

Fat ^ . r . . . 375 

Lactose 4-70 

Casein 3-00 

Albumin . . . . |. . , 0-40 

Ash 0-75 

Other constituents .... o-o6 


100-00 

The maximum and minimum figures recorded for fats are 12-52 per cent.* 
Cf. Hodgson [A^iulyst, 19:^, 48, 443). Fat, per cent. 
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and I *04 per cent, and for solids-not-fat, ip’6o-4^90 per cent. The evening 
milk usually containaspO'S-o-y per cent, more fat than the morning owing to 
the shorter time between milkings usual in the former case. The fat is 
usually at its lowest in May and Jun^ and at its highest in November. The 
solids-not-fat are frequently somewhat lower in July and August, particu- 
larly in a dry season. 

, It has been shown by Viethfthat the average proportion between milk 
sugar, protein and ash in a normal milk is as 13:9:2, and, this has been 
fully confirmed by Richmond and many other workers. * <A genuine milk 
abnormally low in solids-not-fat nearly always gives a very different ratio, 
and this is an almost certain method of distinguishing between an adulterated 
and an abnormal milk. Richmond suggests a multiple standard of 8*5 per 
cent, of solids-not-fat; 4*5 per cent, of milk sugar; 0-5 per cent, of total 
nitrogen (=3*19 per cent, of proteins); and 0*70 per cent, of ash. .Ash 
insoluble in hot water should not be less than 0*50 per cent. “ A milk 
should never be pronounced as watoced on the evidence of the solids-not- 
fat alone — unless this is well below 8*o per cent. A determination of the 
milk sugar, total nitrogen, and ash should be made in addition; a judgment 
formed on these three determinations will in all probability be correct, and 
if the figures for at least two of them are above the limit, the milk is probably 
genuine.” 

Richmond’s table shows that the ash in abnormal milks never falls below 
070 per cent., and that this may be taken as the lower limit. The proteins 
also remain practically constant at 3*4 per cent, irrespective of the amount 
of solids-not-fat, whilst the lactose varies from 4’9-4*o per cent. 

The average composition of cow’s milk in England as judged by the 
analysis of hundreds of thousands of samples by Vieth and Richmond for 
the Aylesbury Dairy Company may be seen from the following table : 


Table CCXXXII. — Composition of Morning and Evening Milk 

(1897-1916) 


Month. 

Morning Milk. 

Evening Milk. 

Specific 

Giavity. 

Tot al 
Solids. 

Fat. 

SoKds- 

not-fat. 

Specific 

Gravity. 

Total 

Solids. 

Fat. 

Sohdb- 

notdat. 

January 

1-0323 

i2-5<y 

3-65 i 

8-94 , 

'1-0321 

12-90 

3-93 

8-97 

February . 

1-0324 

,12-52 

3-57 

8-95 

1-0322 

i2’-82 

3-87 

8-95 

March 

1-0323 

12-46 

3-52 

8-94 

1-0320 

12-77 

3-82 

8-95 

April . 

1-0322 

12-39 

3-49 

8-90 ' 

1-0320 

12-69 

3-8i 

8-88 

Rlay . . . 

1-0325 

12-28 

3-34 

8-94 

1-0320 

12-72 

378 

8-94 

June . . . 

1*0325 

12-21 

3*30 

8-91 

I -03210 

12-63 

3-75 

8-88 

July • • • 

1-0320 

12-24 

3-47 

8-77 

1*0314 

12*55 

3-80 

8-75 

August . . 1 

1-0317 

12-32 

,3-56 

8-76 

1*0313 

12-70 

3 -95 

8-75 

September 

1-0320 

12-50 

'3-64 

8-86 

1-0316 

12-89 

4*05 

8-84 

October . 

1-0322 

12-66 

3*72 

8-94 

1-0319 

13-02 

4-10 

8-92 

November. 

1-0323 

12-79 

3-82 

8-97 • 

1-0320 

13-09 

4-14 

8-95 

December 

1-0323 

12-74 

3*77 

8-97 

1-0320 

13-00 

4-oS 

8-95 

Average . 

i 1-0322 

1 12-47 

3-57 

8-90 

1-0319 

12-81 

1 

3-92 

i 8-89 . 
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G. C. Jones finds the average. composition of milk for the years 1909- 
1918: 


Month 

j Morning Mi]k. 

Evening Milk. 0 

Fat. 

Solids- 

not-fat| 

Fat. 

Solids- 

not-fat. 

• 

January . . 

3-62 

8-95 

3 - 9 * 

8-95 

February . 

3-54 

8-95 

' 3-84 

8-94 

March 

3-49 

8-93 

3-80 

8-93 

April . 

3*43 

8*89 

376 

8-87 

May . 

3-31 

8*92 

376 

8-91* 

June . . . 

3-26 

8-91 

374 

8-87 

.. July . . . 

3-40 

8-8i 

3-80 

87s 

August 

3 '49 

8-79 • 

3-94 

874 

September 

3-6r 

8-86 

4-05 

8-84 

October . 

371 

8-93 

411 

8*92 

November^ . 

3-82 

8*96 

4-14 

8-95 

December 

377 

8-94 

4-02 

8-94 

i 

Average. , j 

3 62 

8*90 

1 

3-91 

8-88 


Total mean fat, 376; solids-not-fat, 8-89. 


Similar figures have been obtained by the anal>sis of large numbers of 
samples taVen under the Sale of Food and Drugs Acts, although, according 
to some authorities, there was, some years ago, distinct evidence of tampering 
in some districts. (Arnaud and Russell, Analyst^ 1910, 35 * 8 .) 

Colostrum , — Colostrum is the substance which is secreted by the animal 
before and immediately after parturition. This substance is much deeper 
in colour than milk and is usually thicker; it is easily curdled. Under 
the microscope colostrum exhibits numerous large clusters of cells, first 
observed by Donne and called ! 5 y him “ corps fframiJeux.” Occasionally 


blood is present. 

'l^hc average 

composition of colostrum, according to 

Engling, Is: 


• 


Water . • . 

•* 71-69 


4 i'at . . r 

3-37 


Proteins 

20-08 


Sugar . • 

--48 


Ash . . 

• 

■ . • • • >-78 

' 7 -' 


Mii.k of Other Animals 


As has l^een stated above, although tie milk of all animals contains 
representatives of the same classes of substances, yet these representatives 
may differ widely. Thus, human milk, although containing sugar, proteins 
and fat as does ciow’s milk, has widely different properties from the latter. 
The sugar present is probably not lactose, the fat is practically devoid of 
volatile acids, and the proteins behave in a very different manner from those 
of cow’s milk. In the following tables the composition of the milk of various 
animals is given — the table is due to Richmond : 
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Table CCXXXIIL — Composition of Mammalian Milk 


« 

Water. 

Fat. 

^Sugar. 

Casein. 

Albumin. 

Ash. 


% 

% 

% 

% 

% 

% 

,Cow .... 

87-32 

3 -f 5 

4-75 

3-00 

0*40 

0-75 

Goat .... 

86*04 

4-63 

4*22 

3-49 

j ^*86 

0*76 

Ewe .... 

79-46 

8-6^ 

4-28 

5-23 

*■ 1-45 

0-97 

Buffalo 

82-34 

. 7-57 

4-96 

3-62 . 

o*6q 

0-84 

Woman 

88-s 

3*3 

6-8 

0*9 

0*4 

0*20 

Mare 

89-80 

1*17 

6-89 

I* 

84 

0*30 

Ass . ? , . 

90*12 

1*26 

6*50 

1-32 

0-34 

0*46 

Mule .... 

91-50 

I -59 

4-80 

1-64 

■0-38 

Bitch .... 

75-44 

9-57 

3-09 

6*10 

5-05 

0-73 

Cat .... 

81-63 

3-33 

‘4-91 

3-12 1 

5-96 

0-^8 

Rabbit 

69-50 

10-45 

1-95 

15-54 

2-56 

Llama .... 

86-55 

3-15 

5-60 

3.00 

0*90 

0-80 

Camel .... 

86-57 

3-07 

5-59 

4*00 

0-77 

Elephant . 

67-85 

19-57 

8-84 

3 -d 9 

0-65 

Sow .... 

84-04 

4-55 

3-13 

7*23 

1-05 

Porpoise . , . ' 

1 41-11 

48-50 

1-33 

II-IQ 

0-57 

Whale .... 

1 48-67 

43-67 


7 

11 

0-46 


Analysis of Milk 

Specific Gravity . — This may be determined by means of a delicate hydro- 
meter or a Westphal balance. The specific gravity of genuine milk generally 
falls between 1*029 1*034 ^5*5'". Jn case the gravity is taken at 

another temperature, it may be corrected by means of Richmond’s table or 
the slide-rule. In correcting specific gravity for temperature it is generally 
sufficient to add or subtract 0*0002 for each degree over or under 15*5°. 

The samples should be shaken gently just before taking the specific 
gravity, in order to mix in the cream, but care must be taken to avoid the 
formation of air bubbles. 

The specific gravity of milk is raised by the abstraction of fat, and 
lowered by the addition of water hence by partial skimming and watering 
an adulterated sample may, possess the same gravity as that of genuine 
milk. « ^ 

Total Solids and Ast '. — About 5 grms, of milk are measured out into a 
weighed platinum, porcelain or nickel dish ,from a pipette, and the whole 
is again rapidly w^cighed. The dish^is placed on a boiling water-bath until 
^tbe solids are apparently dry, and then heated in t^he water-oven for three 
hours, cooled in the desiccator and weighed to obtain the total solids. 

The ash is preferably estimated on at least 10 grms. of the milk. The 
solids are ignited at as low a temj^erature as possible, the flame (e.g., a luminous 
Argand burner) being placed some distance below the dish, to avoid volatilisa- 
tion of chlorides. 

When the milk is sour it should be neutralised to phenol-phthalein 
with N/io caustic soda or strontia before evaporation, the weight of solids 
being corrected for the amount of alkali added. The total solids will be 
low on account of the pwoduction of valatile products during the decom- 
position, but suitable corrections may bo- made, ^ee Richmond and Miller, 
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Analyst^ 1906, 31, 317;. Richmond, Dairy Chemistry^ 3rd edition, p. 319; 
compare also the maceration method for fat.) 

Determination of Fat, — Rdse-Oottleib , — For this the following reagents 
are required ; ^ 

(1) Strong alcohol (95 per cent, by volume). 

(2) A solution of ammonia (made by mixing 100 c.c. of o*88o ammonia 

with 100 c.c. of water). * # 

(3) IV^ethylated ether, sp. gr. 0*720. 

’ (4) Petroleum ether, distilling from 40°“6o°, and leaving no residue. 



Fig. 9. — Hichlofi and Giinimes’ Apparatus 
Bolton) 

• \Iyy pcrfftif^ion o/J. A, Church 7.' * 

Apparatus . — A strong glass tube about ^ inch in diameter and holding 
50 c.c. fitted with an india-rubber stopper. | Instead of this tube, the apparatus 
shown in Fig. 9 will be found of great ad\antage (Eichlolf and Grimmes). 

In the tube or apparatus are placed 5 grms. of milk, 0*5 c.c. of ammonia 
solution added^ and the contents mixed by swinging the tube in a circular 
manner. Then 5 c.c. of alcohol are added, the whole again mixed, 12*5 c.c. 
of methylated ether run in and the stopper inserted. The tube is inverted 
three times, after which 12*5 c.c. of petroleum ether are run in and the tube 
again inverted three times (an){ violent shaking must be avoided). The 
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tube is allowed to stand and settle out; the ether solution is then blown off 
into a weighed flask, means of a wash-bottle arrangement (shown in place 
in Fig. 9), down to J in. from the aqueous layer. A fresh quanti^ of 
petroleumtether (or mixed ethers re<y>vered from other tests) is run into the 
tube, and the contents mixed once by inversion. This ether is then blown 
off and the process repeated once more. The ether is then distilled off from 
the fat and the flask dried to coni,tant weight in the water-oven. From this 
weight any residue insoluble in petroleum ether should be yul><&racted. 

Some observers consider that almost thorough shaking desirable which 
must be followed by the breaking down of the emulsion formed l?y means 
of the centrifuge. This would appear to be unnecessary, but in cases of 
doubt the residue in the apparatus may be acidified by the addition of an 
equal volume of concentrated hydrochloric acid and a further extraction 
with methylated ether. Any residue so obtained should be re-extraeted 
with petroleum ether and any fat resulting added to that originally obtained. 

Determination of Proteins. — By the Kjeldahl method using 10 ginlk. 
of milk. 

c.c. N/io acid xo*oi4--=% N; c.c. xo*o8932=% proteins. 

Determination of Milk Sugar. — Reduction Method. -^10 c.c. of milk 
are made up to about 80 c.c. with water, just neutralised with N/io NaOH 
and Fchling’s solution A added drop by drop until a flocculent precipitate 
forms and settles, leaving a clear solution. The solution is then made up 
to 100*67 c.c., well mixed, and filtered (the 0*67 c.c. is to allow for the volume 
occupied by the proteins and fat). The process is then continued by the 
usual method. (Cf. Analyst, 1919, 44, 408.) 

% anhydrous lactose (approx.) =CuO xo*64. 

Detection and Determination of Preservatives. — Boric Acid. — Detection . — 
A few drops of milk are placed in a depression in a spot plate, and one drop 
of turmeric tincture and a drop of dilute hydrochloric acid added. The 
tile is warmed on the water-bath until the milk is dry ; in the presence of boric 
acid a pink colour will be developed. 

Determination. — 70 c.c. of milk are added to 7 c.c. of approx. 3N*NaOH 
in a 3 in. flat-bottomed platinum dish and evaporated on the water-bath, 
the skin which forms being periodically removed to the side. A flame 
is applied to the side of the dish, car.^ being taken that the contents do not 
froth over; the ignition is completed at s high temperature until the ash 
is almost white. 'Die dish is cooled, and 35. c.c. of watgr are added and 
allowed to stand until the mtH is disintegrated, when it is filtered"^ into a 100 c.c. 
flask. 5 c.c. of approx. 3N hydrochloric acid and 15 c.c. of w^ater are added 
to the dish and the solution again filtered through the same filter into the 
same flask. The dish is further treated* vvith 4 c.c. of 3N hydrochloric acid 
^nd* 10 c.c. of w^ater and again filtered. To the mixed filtrates 7 c.c. of 
calcium chloride solution (10 per cent.) and phenol-phthalein are added, 
and then N/i NaOH is added u 4 :il a slight permanent pink colour is pro- 
duced. The liquid is diluted to the mark and filtered into a graduated 
cylinder. 80 c.c. of the filtrate are made slightly acid to methyl orange 
with hydrochloric acid and boiled to eliminate c^irbon dioxide The solution 
is cooled and titrated with N/io sodium hydroxide until neutral to methyl 
orange. 30 c.c. of glycerol or 10 grms. of mannitol are added and the titra- 
tion continued until the solution is neutral to phenol-phthalein. The acidity 

* Filtration is not rcalJy necessary. 
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due to 30 cx, of glycerol is determined and subtracted from the number 
of cx. of N/io sodium hydroxide used after the addition of the glycerol; 
the difference multiplied by o *011 gives the percentage of boric acid in the 
milk. In case the amount of sodium h]^droxide used exceeds 1 c.q,, a portion 
of the boric acid will be precipitated together with the calcium phosphate. 
In this case the precipitate is washed with 25 cx. of water through a hole 
made in the filter-paper, 5 c.c. of 3N hydychloric acid, a further 25 c.c. of 
water, 0*5 c.c^of calcium chloride solution and phenol-phthalein are addrtl 
to the filtrate, a«d the liquid titrated wifh N sodium hydroxide until just 
pink. The solution is^ diluted to 100 cx. filtered, and 80 c.c. titrated as 
before. The amount of boric acid so found is added to that found in the 
first precipitation after making the necessary correction for dilution. 

Formaldehyde. — Detection. — Hehner’s reagent for the detection of for- 
maldehyde is prepared by mixing 25 c.c. of 5 per cent, ferric chloride solution 
and I litre of concentrated sulphuric acid. 2-3 c.c. are placed in a small 
te«l«*ube and about 5 c.c. of the milk added carefully so that it forms a layer 
above the acid. In the presence of formaldehyde a violet colouration will 
be produced on standing. It has been stated that the presence of nitrites 
interferes with this reaction {Analyst, 1912, 37, 155, 178), but Elsdon and 
Sutcliffe do not agiee with this statement {Analyst, 1913, 38, 452). 

If the Gerber method for the estimation of fat is used and ferric sulphate 
is added to the acid used, in proportion to the amounts indicated above, 
formaldehyde will produce a violet colouration on shaking the tube. If 
nitrates or nitrites are present, a bright golden-browm colour is produced 
{Analyst, 1913, 38, 452). Nitrites may be detected by adding i or 2 c.c. of 
Griess-Ilosvay solution to 5 c.c. of milk; a pink colour developing in less 
than a quarter of an hour indicates nitrites. 

Determination . — In the method of Shrewsbury and Knapp {Analyst, 
1909, 34, 12), the reagent is made by mixing 100 c.c. of concentrated hydro- 
chloric acid with i*6 c.c. of N/i nitric acid. 10 c.c. of the freshly-made 
reagent are added to 5 c.c. of the milk in a test-tube, the mixture shaken 
vigorously and kept for ten minutes in a water-bath at 50°, and then rapidly 
cooled. As the violet colour produced varies in intensity according to the 
amount of formaldehyde present, the formaldehyde may be estimated by 
comparison with standards. If the colour obtained is deeper than that 
shown by six parts of formaldehyde per million of milk, the sample should 
be diluted with pure milk. The most delicate quantitative reaction is 
obtained with milks containing 0*2 to six parts per million of formaldehyde. 
In case nitrites are present 5 c.c of the milk are treated with 0*05 grm. 
of urea and i c.c. qf N/i sulphuric acid, and the mixture heated in the boiling 
water-bath for two minutes and then cooled; tl cr Shrewsbury and Knapp 
method may then be performed in the usual way on the resulting liquid 
(Monier- W illiams) . 

Benzoic Acid. — Detection . — BenzCic acid and salicylic acid have been 
used as preservatives in milk. For methods for the detection reference 
should be made to the undermentioned papers ; 

Liverseege and Evers, 1913, 32, 319; Revis, Analyst, 

1912, 37, 346; Hinks, Analyst, 1913, 38, 555. 

. • 

Salicylic Acid . — See Revis and Payne {Analyst, 1907, 32, 286). 

Annatto . — See H. Lowe {Analyst, 1925, 50, 335) and A. D. Gardiner 
{m., p. 550). 
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Condensed Milk - 


Condensed millf was formerly manufactured by concentrating milk, 
often under reduced pressure, with or without the addition of cane-sugar 
and packing the product in sealed^'tins. The unsweetened variety existed 
in two chief kinds in one of which, “ Evaporated Milk,** the concentration 
was about double that of an average milk and in the other about three times. 
(The composition of these varidhs brands as usually found is given in the 
following table : ^ 


Apprt)ximate Composition. 


Unsweetened full-cream milk .... 
Unsweetened full -cream milk erfriched 

with cream 

Sweetened full-cream milk 

Sweetened machine-skimmed milk 


Fat. 

Solids- 

not-fat. 

Sucrose. 

9-10% 

23-5-27% 

t. 

-V 

12% 

23-25% 


9 - 10 - 5 % 

23-5-27% ' 

38-42% 

0 - 5 - i-o/o 

25-29/i 

« 

44-47% 


Very full and detailed reports have been made to the Local Government 
Board (now the Ministry of Health) on these subjects, which reports should 
be consulted for more detailed information. {Food Reports y No, 13, 1923; 
No, 15, 1911; No, 21, 1914.) 

The Public Health (Condensed Milk) Regulations, 1923, stipulate that 
condensed milk sold by retail in small packages shall be labelled in a par- 
ticular manner and that it shall contain not less than the appropriate per- 
centages of milk-fat and milk-solids as specified in the following table: 


Table CCXXXIV. — Percentage of Milk Fats in Condensed Milks 


1 

Description of Condensed Mdk. 

r~ ' 

Vercentage of 
Milk Fat. 

Percentage of 
all Mdk Solids— 
including Fat. 

I. I"ull cream, unsweetened •. 

.5-0 

31-0 

2. Full cream, sweetened,, 

9-0 

^ 31*0 

3. Skimmed, unsweetened 

* * 1 

20-0 

4. Skimmed, sweetened . 

I 

^ . 1 

26-0 


Patents have been taken out for the incorporation of foreign fats in 
condensed milks. 4 

Dried Milk 

f 

Dried milk is the substance produced by suitable means on removing 
practically the whole of the water from ordinary milk. A very full report 
has been submitted to the Local Government Board (now the Ministry of- 
Health) by Coutts, Winticld and tht^ Governipent Laboratory. {Food 
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Reports^ No, 24, 1918.) This repgrt contains full descriptions of the processes 
employed and the methods of analysis which yield good results. 

Analysis of Dried Milks , — A 1$ per cent, solution may be made in water 
and the solution so obtained treated gs an ordinary milk. Where the milk 
is not completely soluble, or merely as an alternative method, the analysis 
may be carried out directly on the powder. For the determination of fat 

1 grm. diluted with 5 c.c. of water may be gised for the Rose-Gottleib method ; 

2 grms. for rgoigture and ash, 2 grms. for proteins, and i grm. extracted with 
boiling watered made to 100 c.c. for sugar. 

jepheott. Analyst^ 1923, 48, 529. Estimation of Fat, etc., in 
Dried Milks.” 

’ Bacharach. Analyst^ 1923, 48, 521. “ Estimation of Lactose.” 

. The Public Health (Dried Milk) Regulations, 1923, require that dried 
milk sold by retail in small packages shall he labelled in a particular manner 
Ojui that it contain not less than the appropriate quantity of fat as specified 
in the following table: 


Table CCXXXV. — Pcrcentace of Fats in Dried Milks 


Description of Dried Milk. 


Minimum percentage of Fat. 


1. Full cream 

2. Three-quarter cream . 

3. Half cream 

4. Quarter cream 


26*0 

20-0 

14*0 

8‘0 


Cream 

Cream is the substance rich in fat which rises as a layer when milk is 
allowed to stand. Under modern conditions it is usually obtained by 
mechanical means, the separated milk usually containing o-i to o*2 per 
cent, of fat. There is no legal standard for the fat content of cream, but an 
average commercial sample usually contains about 40-50 per cent. During 
the last few years forty sampJes of “ cream ” and ” preserved cream ” 
examined in the author’s laboratory have contained from 23-0 to 62*0 per 
cent, of fat. ' 

Analysis of Cream . — This is r arried out in a very similar way to that of 
milk (v.s.). Foj; total solids*about 2 grms,, Tor fat by Rose-Gottleib, i grm,, 
and for ash, a fairly large amount, up to 10-20 grms. 

Preservatives may be detected and determined as under milk. In the 
case of formaldehyde the cream should be diluted witl) milk of known 
purity. The use of, preservative? in cream is controlled by the Public 
Health (Milk and Cream) Regulations, 1912 and 1917. 


Cheese is produced by the action of rennet (an enzyme prepared from the 
gastric juices of the calf) on milk in large vats under suitable conditions of 
temperature, «tc. The character of the cheese depends largely on the 
temperature used during its production and on the method adopted. The 
curd is pressed and allowed to ripen for several weeks. The ripening process 
is not thoroughly understood, but is dependent upon the action of micro- 
organisms and of the onzymes contained by them and also those present in 
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the original milk. Practically the whole of the fat contained in the milk is 
carried down with the precipitated protein, whilst the lactose remains in the 
whey. Cheese consists then, chiefly of protein and fat with small quantities 
of lactose ?nd ash, together with an)^ added salt. The following table gives 
the composition of the better known kinds of cheese according to various 
authorities : 

Table CCXXXVL — Composition of Cheese 


Kind. 

Water. 

Fat. 

Protein. 

Lactic S^id. 
Lactose. 

Ash.* 

Cream 

20-58 

37-90 

2-16 

0*2-1 *2 

0-3-3 -4 

Camembert .... 

4 S-S 2 

21-30 

19-23 

0-4 

3. 0-5-0 

Neufchatel (Bondon) 

34-55 

21-42 

9-16 

I -5-7-0 

07-70 

Stilton 

1 20-35 

30-44 

24-36 

1-0-3 -3 

2 -7-4-0 

Cheddar 

! 27-34 

2-5-33 

27-46 

0-9-1 -9 

3-6-^^ 

Cheshire 

! 30-40 

25 *-34 

23-36 

2-4 

3 -6-4-8 

Gruyere 

1 31-37 

1 27-30 

28-35 

0-7-3 -3 

3-I-S-3 

Roquefort . . . . i 

21-37 

I 30-36 

24-33 

0-7-1 -9 

4-4-7 -o t 

Skimmed milk 

28-42 

1 10-26 

j 

30-44 

o-S-4-2 

4-2-6 -4 t 


The composition of various kinds of cheese is treated by the following, 
among others: Camembert cheese (Buttenburg and Guth, Analyst^ 1908, 
33, 51); cream cheese (Cribb, ihid.y 1909, 34, 45); Dutch cheese (Cribb, 
ibid.y 1906, 31, 105; Van Rijn, ihid,y 1915, 40, 391); Roquefort cheese (Dox, 
ihid.y 1911, 36, 542); cream cheese. 

The analysis of cheese is usually restricted to a determination of the 
water, fat, protein and ash — the other ingredients being determined by 
difference. As margarine cheeses and lilled cheeses are by no means 
unknown it is necessary to examine the fat by the methods suggested under 
butter fat. From the nature of things, however, adulteration with small 
quantities of fat is not a commercial proposition so that the determination 
of the Reichert and Polenske values is usually all that is necessary. From a 
cheese containing an average amount of fat sufficient of this for the deter- 
mination of the Reichert value may usually be obtained by cutting up a 
quantity of the cheese, placing it on a porcelain filter-plate resting in a funnel 
and allow’ing the wliole to remain in the water-oven until sufficient fat has 
run through. Should it not he possible to obtain sufficient fat by this 
method, it wdll be necessary to extract with ether and dr^ the resulting fat 
in the w^ater-oven, the latto*; process usually taking about one or two hours. 

The Analysis of Cheese. — Determination of Moisture and Ash . — This may 
be carried out by drying 5 grm. of the sample', cut into very thin slices, at 
105° until constant in weight; the addtiion of a small amount of absolute 
alcohol will assist the drying. The ash may be determined on the same 
portion, heating gently to not mor.^ than a dull red in the dark. 

A method for the determination of chlorides in cheese is given by Cornish 
and Golding {Analyst^ 1915, 40, 197), whilst some remarks on mineral coating 
are due to Hinks (ibid., 1911, 36, 61). 

Determination of Proteins . — By the Kjcldahr process using i *5 to 2 grms. 
of cheese. The percentage of nitrogen multiplied by 6*38 gives the per- 
centage of proteins. 

* Seldom falls below 28 — usually 30 or more, 
t Muter gives figures up to 10 gcr ceiit. aijd beyond. 
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Determination of Fatr-^'&y the Rdse-Gottleib process on about i grm. of 
the finely-grated cheese. 

The standard for fat in a whole jnilk cheese is at least 45 per cent, of the 
total dry matter (total solids) of the cheese. Some countries ha^^^e adopted 
50 per cent, as the standard. • 

Butter 

Butter is the substance, containing practically the. whole of the fat of 
the milk from wjiich it is prepared, produced by the continual shaking o*r 
beatjng of mill?^ In this country the milk of the cow is alone used, but in 
Egypt, India and other Eastern countries those of the buffalo and other 
animals are used, (Cf. Ghee and Samna, infraT) 

Originally the production of butter by churning was carried out on the 
small scale and entirely for the private use of the maker. Ejccept under 
special circumstances this is no longer the case and the bulk of the world 
production is manufactured in creameries who collect the milk from farms 
(oy -have it delivered to them) and where it is converted into butter under 
cleanly and hygienic conditions. As far 'as this country is concerned a 
large proportion (probably more than half) of the butter consumed is 
imported. In 1914 about 200,000 tons were imported from all parts of the 
world but owing toithe higher prices ruling of later years and the growth of the 
use of margarine this quantity is now greatly reduced — in 1918 and 1919 the 
quantity was only about 75 ,000 tons, but this has increased in more recent years. 

The butter is usually produced by churning the cream which has been 
separated from the milk, although occasionally the milk itself is churned. 
Years ago the cream was removed from the milk after it had been standing, 
by hand-skimming, but this is now done by mechanical separators which 
are highly efficient and which remove practically the whole of the cream. 
Separated milk is defined by the Sale of Milk Regulations, 1912, as milk 
which contains. not less than 8*7 per cent, of solids-not-fat. 

The average composition is : 


Fat 

o-i (to 0*3) 

Lactose 

49 

Proteins 

3*6 

Ash 

0-8 

Water 

90*6 


When the butter is freshly produced it consists of a nodular mass which 
is then worked, usually on butter tabjes of various types, with the idea 
of removing excess of water and making the whole into one homogeneous 
mass. Salt is added here a flavouring agent and also to act as a mild 
preservative — untotunately ofher preservatives which are not so mild may 
also be added here although their presence, as judged by the number of 
samples without, would not si^em to be necessary. 

The liquid left in the churn whiqfi is known as buttermilk is very similar 
in composition to skimrfied milk but it usually contains aj^preciable quantities 
of lactic acid on account of the acidity of thn cream from which it is prepared. 
It has been pointed out by Hodgson {Analy^, ^ 9 ^ 9 * 44- 229) that the addition 
of water before churning is considered by som6 to be necessary in order 
to bring the temperature within the optimum zone for churning. This 
author states that : » 

** In attempting to obtain some information with respect to the com- 
position of buttermilk, the author was able to find only ver}^ few references; 
practically the only reference of any value was found in Richmond’s Dairy 
Chemistry, which states that buttermilk ‘ differs only slightly in composition 
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from skimmed milk/ the following analyses being given ; Prepared from 
sour cream, fat 0*5 per cent., solids-not-fat 7*85 per cent.; prepared from 
milk, fat 0*5 per ceKt., solids-not-fat 8^7 per cent.; prepared from sweet 
cream, fat 0*35 per cent., solids-not-fat 8*67 per cent.; prepared from 
separated, milk, fat o-i per cent., s<>lids-not-fat 8*93 per cent.; Richmond 
also states that it is very rare to find as much as 2 per cent, of fat and also 
that it may contain water or other substances added during the churning. 

‘ “ Inasmuch as the above alialyses differ very materially froiii those 
obtained in this laboratory, and as it is very important to t^i^»'l*ublic Analyst 
to know how much added water may be expected, the autfior thinks that it 
might be of interest to give the results obtained with samples of buttermilk 
taken for analysis under the Sale of Foods and Drugs Acts. 

‘‘ Buttermilk is a staple food in many }:>arts of the country, and it is 
essential that the fraudulent addition of water should be prevented. It is 
well known that temperature has a very important influence on churning; 
if the temperature is too high, the production of butter is retarded, ^ile 
if it is too low, the solid butter grains enclose liquid fat, the best temperature 
being from 51" to 57” F. The inevitable result of this is that a certain amount 
of water is added in order to bring the temperature between those figures, 
and the vendor is therefore in a measure protected by Section 6, Sub-section 4 
of the Sale of Food and Drugs Act, 1875, which states that an offence shall 
not be deemed to have been committed ‘ where the food is unavoidably 
mixed with some extraneous matter in the process of production.* The 
problem which arises is how much water may be said to have been unavoidably 
added during ‘ the process of production ’ and how much has been added 
fraudulently. 

There are no cases on record of any decision on the point having been 
given by the High Court either in England or Ireland, but the High Court 
of Justiciary in Scotland, in Warnock v, Johnstone, held that Sub -section (4) 
of Section (6) covered the defendant where 30 per cent, of water was added 
to the sample. 

“ It has therefore been the practice in this laboratory to caution the 
vendors of samples containing over 25 per cent, of added water and less 
than 30 per cent, and to take legal proceedings in all cases where the added 
water exceeds 30 per cent. 

“ The amount of fat present in the sample, of course, depends on the 
efficiency of the churning operations, but rarely exceeds 0'6 per cent, where 
the operation is carried on even appi^oximately in an efficient manner.** 


Table CCXXXVH. — Perceiytages of Fats Buttermilk (Hodgson) 

Table A * 


Percentage 
of Fat. 

Number 
of Samples. 

Pen. entago 
of Whole. 

PcrcenU.ge 
ol Fat. 

x; 

Number 
of Samples. 

* 

l^ercentage 
of Whole. 

Under o*i 

nil 


0 * 9 - 0*99 

6 

1*9 

0-I-OT9 

5 

I*d 

I *0-1 09 

2 

0*6 

0*2-0 *29 

15 

4-8 


2 

0*6 

o* 3 - 0'39 

61 

19*6 

1-2-1 -29 

nil 


0*4-0 *49 

81 

25*9 

I-3-I-C9 

I 

0*3 

0 * 5 - 0*59 

64 

20*5 

I - 4 - 1 -49 

I ' 

0*3 

0*6-0*69 

33 

10*6 

I-S-I-S9 

2 

0*6 

0*7-0*79 

20 

6-4 

I -6- 1 -69 

I 

0*3 

0*8-0*89 

16 i 

5-1 

I-J-I 79 

2 

0*6 
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Table B 




• 


Solids-not-fat. 

Number of 
Samples. 

Added Water. 

Percentage of 
the Whole. 

37 - 3 - 7 < 

T 

$ 

S^-S-SS '4 

0-3 

3 ■8-4-49 

nil 

55 • 3 - 47-2 

. . 

^•S- 4 -S 9 

I 

47*0-46*0 

0*3 

4 - 6 - 4-79 

nil 

45-8-43-6 


4 - 8 - 4-89 

I 

43-5-42-5 

03 

4 - 9 - 4-99 

I 

42-3-41-3 

0-3 

5 - 0 - 5 -09 

nil 

41*2-40*1 


S'l-S-iQ 

3 

. 40-0 •38-9 

1*0 

5 - 2 - 5-29 

nil 

38 - 8 - 37-8 


S' 3 - 5-39 

2 

37-7-36-6 

0*6 

5 - 4 - 5 -49 

I 

36-5-35-4 

0-3 

5 - 5 - 5 -59 . 

3 

35 • 3 - 34*2 

1*0 

5 -6-5 -69 

4 

34 -I- 33 -I 

I ‘3 

5 - 7 - 5-79 

5 

32*9-31*9 

1*6 

5 •8-5-89 

5 

31-8-307 

1*6 

5 - 9 - 5 -99 

6 

30-6-29-5 

1-9 

6’0-6-o9 

13 

29*4-28*4 

4-2 

6’I-6*I9 

8 

28*2-27*2 

2*6 

6'2-6-29 

6 

27*0-26*0 

1*9 

6 - 3 - 6'39 

13 

25-9-24-8 

4*2 

6 *4-6 '49 

24 

24-7-23-7 

ri 

6 - 3 - 6 -S 9 

17 

23-5-22-5 

5*4 

6 *6-6 *69 

21 

22-4-21 ’3 

6*7 

6 - 7 - 6*79 

21 

21*2-20*1 

6*7 

6 ■8-6*89 

18 

20*0-18*9 

5-8 

6*9-6*99 

H 

18*8-17*8 

4-5 

7*0-7*09 

22 

17*7-16*6 

7*1 

7 -i- 7 *i 9 

13 • 

16*5-15*4 

4*2 

. . 7 - 2 - 7'29 

H 

15*3-14*2 

4-5 

' 7 - 3 “ 7’39 

16 

n4*i-i3*i 

5-1 

7.4-7.49 

8 * 

12*9-11*9 

2*6 

7 * 5 - 7*59 ^ 


11*8-10*7 

2*6 

7*6-7*69 

9 

10*6-9*5 

2*9 

7 * 7 - 7*79 

7 

9 - 4 - 8-4 

2*2 

7 - 8 - 7-89 

13 

8*2-7*2 

; 1*9 

7 - 9 - 7-99 ■ 

6 ( 

if 7 *i-6*o 

1 1*9 

8-0-8-09 

2 

5 : 9 - 4-8 

0*6 

8'I-8-i9 

3 * 

4 >- 3-7 

i 1*0 

8-2-8-29 

nil 

3 -S- 2 - 5 . 

1 

8 - 3 ~ 8-39 

I 

2 - 4 - 1 -3 

0*3 

8*4-8*49 

3 

I* 2 - 0 *I 

I'D 

8*5 and over 

<6 


1*9 
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The following Table shows the average solids-not-fat and the correspond- 
ing amount of added water for the samples received during each month 
of the year : f 


Table CCXXXVIIL— Average “ Solids-not-Fat ” and added 
Water in Samples of Buttermilk (Hodgson) 

^ ■ <• 


Month. 

Number of 
Samples. 

Average 

Solids-not-fat. 

Added Water. 

i 

January . 

17 

679 

20*12 

February 

19 

682 

1977 

March 

43 

696 

i8-ii 

April 

27 

7-10 

16-47. 

May 

22 

689 

18-94 

June 

43 

688 

19-06 

July 

18 

6-57 

22*71 

August 

19 

7*02 

17-42 

September 

22 

7-03 

17*30 

October 

10 

6*71 

21-06 

November 

32 

6 -6o 

22-35 

December | 

1 

40 

6*92 

18-59 


The curd and whey from whole milk have the following average com- 
position ; 


Table CCXXXIX.— Composition of Average Curd and Whey 



Curd per cent. 

Whey per cent. 

Water 

50-0 

92-94 

Fat 

' 26-7 

0-35 

Sugar 

2*3 ^ 

5*10 

Casein .... ! 

20-0 

0-46 

Albumin 

trace 

0-46 

Ash 

i-o 

0-69 

i 

A ' 50-0 

100-00 


I 

The following composition of buttermilk from sweet cream is given by 
Storch : 


Water 89-74 per cent. 

Fat I-2I „ „ 

Milk-sugar .... 4-98 „ „ 

Protein 3'28 „ „ 

Ash 079 • „ „ 
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Buttermilk from ripened cream has the following composition : 


Table CCXL. —Composition of Buttermilk FRcfiw Ripened Cream 


Authority. 


Water . . nJ 

Fat . . . 

Milk-su^ar 

Lactic acid 

Protein 

Ast 




-• — 

St ore h. 

Vieth. 

Fleischmann. 

l^cr cent. * 

Per cent. 

Per cent, ' 

9093 . 

9039 

91-24 

0-31 

0-50 

0-56 

4-58 

* 4 *06 

. . 

(?) 

0*80 

4*00 

373 

3-60 

. 3-50 

o*8i 

07s 

0-70 


Richmond finds the following figures in buttermilks prepared in different 
ways : 


Table CCXLL— Compo.sition of Buttermilks Prepared 
in Different Ways 



Sour 

Cl cam. 

Sweet 

Cl earn. 

Milk. 

Se])arated 

Milk. 

Specific gravity 

1-0314 

I -0331 

1-0329 

^•0355 

Water 

91-61 

90-98 

91-13 

90-77 

Fat . . . ■ . 

0-50 

0-35 

0-70 

o-io 

Sugar 

3*40 

4 4^ 

3-65 

! 3 ‘93 

Lactic acid ' 

0*50 ! 

O-OI j 

076 

0-56 

Protein 

3-30 

3*51 i 

3-28 

3 65 

Ash ! 

1 

0-65 ; 

073 : 

0-68 

1 

0-79 


This author has found the amoun^t of fat in buttermilk to vary from 
0*15 per cent, to 5*60 per cent.; the last percentage is very unusual, and 
it is rare to find even as miKh as*2 0 per cert., percentages higher than this 
denoting that the» churning liAs been carried out inefficiently. 

It is sometimes asserted that a certain amount of water (20 or 25 per 
cent.) is allowed to be added ito milk or cream for churning purposes. This 
view, however, appears to be quit^ incorrect ; the addition of breaking 
water does not appea? to be recognised by any statute, and if buttermilk 
is to be sold there is no reasoi^why it should contain any added water. It 
is probable, however, that should a sample of buttermilk taken under the 
Sale of Food and Drugs Acts be found to contain a small percentage of 
added water, the Public Analyst would advise his authority that it is a custom 
sometimes to add a little wafer during churning, and a prosecution for the 
addition of small percentages is improbable. 

The Analysis of Butter , — In determining the composition of a butter, 
determinations are usually made of water, curd, salt, ash and preservatives 
and fat — the latter being frequently determined by difference. The fat is, 
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of course, the valuable constituent and many workers think that a standard 
for the amount of fat would be far more valuable than the one for moisture 
which we now have;* but this suggestion has not yet, however, been adopted 
officially (Although manufacturers of margarine have adopted it (cf. 
page 41a). 

Determination of Moisture , — Various routine methods such as those of 
Gerber, Stokes, etc., have been suggested, but for all ordinary purposes a 
Convenient and quite accurate method is to weigh about 2 grms. into a flat- 
bottomed metal dish and heat for two liours on the b(v\ng water-bath. 
The loss in weight indicates moisture. 

Determination of Sobds-not-fai.—lihe residue from the moistilre deter- 
mination may well be used for this. Ether is added to the dish to dissolve 
the fat which is decanted off through a small filter-paper taking care not to 
disturb the insoluble matter. When the solids have been washed free from 
fat by several quantities of ether, the residue is dried and weighed after any 
small portions which have inadvertently been carried on to the filter-.paper 
have been returned. The salt may be titrated in the residue with silver 
nitrate solution in ihc usual way after ignition. 

Preservatives . — The only usual preservative in butter, apart from salt, 
is a borax compound. This may be determined as follows: 6-2 grm. of 
butter are weighed out into a 250 c.c. w^ide-mouthed flask. About 50 c.c. 
of water are added and a few drops of litmus solution. The whole is then 
made acid with a few drops of N/io hydrochloric acid, and boiled for a few 
minutes to eliminate carbon dioxide. The solution is cooled, neutralised to 
litmus with N / 10 caustic soda, about 20 c.c. of glycerol or 10 grms. of mannitol 
added, and the titration continued until neutral to phenolphllialcin. Each c.c. 
of soda used (allowing for any acidity due to the glycerol) after the 
addition of the glycerol, is equivalent to O'l per cent, of boric acid in the 
butter. ITis method tends to give results 0-05 per cent, too high. 

The Composition of Butter . — Butter being a manufactured product 
prepared from a natural substance is obviously liable to fluctuations in its 
composition and will vary in ( haracter according to the source of the raw 
material and the manner of its preparation. Idic knowledge of this subject 
available up to the year 1900 is largely contained in the reports of the 
Departmental Committee for the Butter Regulations, and is wxll summarised 
in their final report issued in December 1903. This committee dealt with 
a whole mass of evidence and as a result made certain recommendations, 
some of which have been officially aJopted. 

The Proportion of Water in Butter.— As a result of their labours the 
Departmental Committee catne to the conclusion that W'ith the exception 
of one class of butter (tb it known as Irish Salt Firkin outter) it was not 
necessary to have the present c of more than 16 per cent, of water, and that 
this figure should be considered as the maxinium allowable. It is generally 
agreed that this figure is quite high enjuigh and in actual practice it is not 
often obtained. In recent years the writer has examined 700 samples of 
butter in which the moisture 'ias varied from 7 0 to 16*9, the average 
being about 13-5 and only 0*9 per cent, being above the 16 per cent, 
limit. 

The Non-Fatty Solids of Butter . — The non-fatty solids of butter consist 
almost entirely of the solids-not-fat of the miFi, together with any salt which 
has been added during its preparation, and also, of course, the preservatives, 
if any. 

Konig has summarised the analyses of some 300 samples of butter from . 
various sources in the following table: 
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Table CCXLIL— Summ^y of Analyses of 300 Samples 
OF Butter (Konig) 



Water. 

1 

Fat. • 

Casein. 

Milk 

Sugar, 

Laotioi 

Acid. 

Salts. 



Per cent. 

Per cent. 

Per c^nt. 

Per cent. 

Per cent. 

l^cr cent. 
0*02' 

Minimum . 

* t • 

4-15 

69*96 

*0-19 

0-45 


Ma's:imum 

.N. . 

35-15 

86-15 

^ 478 

1*16 


15*08 

Mean . 

• 

• 

. 13-59 

84-39 

0*74 

• 

0*50 

0-12 

0*66 


Vietli gives the following average results for butters of different origin : 


Table CCXLIII— Composition of Butters (Vietii) 


Designation. 

Fat. 

• 

Water. 

Curd. 

Salt. 

Curd 

Water ^ 

• 

1 ’er cent. 

Per cent. 

Per cent 

l*cr cent. 


English .... 

86*85 

1 1 -.54 

0-59 

1*02 

5 

French, fresh . 

84-77 

13-76 

1-38 

0*09 

10 

„ salt ... 

84-34 

12-05 

I *60 ! 

2*01 

13 

German, salt ... 

1 85-24 I 

12*24 

1*17 

1*35 

10 

Dani.sh . . . ; 

; 83-41 

13*42 

1*30 

1*87 

10 

Swedish . . . | 

1 

82-89 

j 

1 13*75 

1*33 

2*03 

10 

j 


The following table gives the average composition of butter according to 
the various ac.thorilies. (Cf. Report of Departmental Committee.) 


Table CCXLIV. — Average Composition of Butters 



St ore h. 

1 


Richmond. 


Fresh 

Cream. 

Ripenc^d 

Cream. 

j 

Mitchell 1 

i 

J^arry. 

French. 

Australian. 

Fat . . . . 

83-75 

82-9% 

• 1 

84-87 ! 

86*8 

83-92 

84-50 

Water , 

13-03 

•1^-78 

12-14 1 

• 12*0 

14-33 

1270 

Protein . 

• 0*64 

0-84 

0*75 1 

C 4 *« ; 

1-36 

1*21 

Sugar . 

0*35 

0-39 

•• 1 

0-45 ' 



Ash .... 

014 

1 

0 ’60 : 

0-25 1 

! 

1 



Salt .... 

2*09 

1*86^ 

! 


1*57 

Lactic Acid 

. ! 

i 

o- 5 <^ 1 





(Cf. Crowther, Report No. 66 of the University 'of Leeds and the Yorks 
Council for Agricultural Education.) 

From the abgve results it •will be seen that the solids-not-fat natural to 
butter (that is the total solids-nol-fat less the salt) are not usually more than 
about 1-5. Figures greatly in excess of this would point to the artificial 
addition of milk solids which is sometimes done to enable the butter to 
hold more water without having, an appearance of wetness. Richmond 



434 


EDIBLE OILS AND FATS 


{Analyst^ 1906, 31, 177) has examined ^ substance sold for this purpose 
which had Ae following composition: 


Per cent. 

Water 65*47 

Fat . o*o8 

Sugar, b 2*24 

Soluble proteid 0*69 

Ash 1-02 ‘ 

Casein (by diff!) . . . . 30-50* 


He gives it as his opinion that any butter containing more than 2 per 
cent, of curd should be looked upon with suspicion; this is certainly, in 
general, a safe margin to adopt, although a few genuine samples have been 
known where the figure for curd has been much higher than this. 

Miller has shown (Analyst, 1912^ 37, 50) that the proportion of ?[rotein 
may be calculated from the aldehyde figure using 10 grins, of butter. 

Preservatives . — Although salt is not usually classed as a preservative in the 
somewhat restricted sense in which this word is usually employed, it never- 
theless has undoubtedly some action in increasing the keeping properties 
of butter. (Some very interesting and possibly entertaining remarks on 
this subject will be found in the Minutes of Evidence to the interim Report 
of the Butter Committee, pages 131 to 135, questions 4013-4125.) Other 
substances are frequently present however, the most common being borax 
or boric acid or a mixture of the two, while formalin, sulphites, fluorides, 
saltpetre, benzoates and salicylates have been used to a greater or less extent. 

The extent to which a boron preservative has been used may be gathered 
from the following table which gives the results obtained with samples of 
butter taken in Salford under the Sale of Food and Drugs Act in recent years : 


Table CCXLV.—Percentage of Preservative 


Amount. 

Niinibci of 
Samples. 

rercentage of 
whole. 

Over 0-5; ' 

5 

0-6 

0-4 1-0 '5 

‘ 9 

i-i 

0-3I-0-4 

12 »• 

1-5 

0 - 2 I~O -3 ' 

22 ] 

,27 

0 -II- 0-2 

41 

S-o 

0*01-0*1 

86 

10-4 

Absent 

649 1 

78-8 


V 



. 824 

100*0 


P * 1 




CHAPTER. XXVIII 


MARINE oils/ 

• 

A COMPLETE act*^nt of the marine oils scarcely comes within the purpose 
of this book but as these products have been largely used as substitutes and 
adulterants and as a few of them, such as cod-livtr oil, are of the first import- 
ance from the medicinal standpoint, some account of them is necessary. 
This group may be conveniently divided into three sub-grgups which 
con^st respectively of : 

1. Fish oils. 

2. Liver oils of certain fish. 

3. Blubber oils from marine mammals. 

All three classes usually convey the evidence of their source by taste and 
smell, although, of course, it is now possible to produce quite odourless and 
colourless solid fats from them by means of the process of hydrogenation, 
(Cf. C. K, Kutgen, 1916, 35, t86.) The main point of dilference 

between these oils and the vegetable oils is the presence in the former of 
highly unsaturated acids, one of which, named clupanodonic acid by 
Tsujimoto, may be converted into stearic acid by the addition of eight atoms 
of hydrogen. Further, they have high iodine values and absorb com- 
paratively large quantities of oxygen, yet they do not give an elastic skin 
on drying as the drying vegetable oils do. 

* Various colour tests have been suggested for the recognition of this type 
of oil. The only one which is of much value is the sulphuric acid test which 
is fully described on page 77; most other tests arc valueless (cf. Holde, 
y,S.C.I.y 1890, 9, 419; Lcwkowitsch, ibid., 1894, 13, 617). 

The amount and biological significance of the fat in fish has been con- 
sidered by 0 . Polimanti (J,S.C.J.y 1915, 34, 878), who finds that in general 
the bodies of fish which live at th(; surface of water contain a larger amount 
of fat than the bodies of thovse living in deep water or in the sand. 

Eisenschiml and Copthorne {Aualys^y 1910, 35, 249) base a test for fish 
oils in vegetable oils on the insolubility of the bromides of the fiirmer in 
chloroform. They work as follows : • 

About 5 c.c. df the oil to* be tested are dis^Jved in 3 c.c. cliloroform 
and 3 c.c. of glacial acetic acid, and bromine is added slowly drop bv drop 
until the brown colour remains. After ten to fifteen minutes the \thsel 
containing the mixture is placed in boiling water. Vegetable oils give a 
clear solution almost iftimediately, while ^oils containing even 5 per cent, 
of fish oil remain cloudy, Th(^ amount c fish oil present is stated to be 
roughly proportional to the weight of the precipitated bromides, hut different 
specimens of the same class of fish oil vary greatly 'in their yield of insoluble 
bromides. Fish oils previously heated at or beyond 260” do not respond 
to this test. ^ • 

In the case of boiled linseed oil it is necessary to remove metals before*, 
applying the test, by shaking the warm oil with warm 10 per cent, nitiw 
acid saturated with potassium nitrate, and filtering the oil through paper 
till all moisture is removed. 
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A similar reaction has been proposed by Tortelli and JafFe (J. 5 .CJ., 
1914, 33, 1061; 1915, 34, 1102). In their second paper they state that 
fish oils may be detected in vegetable oils by brominating 0-3 grm. of the 
unsaturate^ fatty acids (obtained by the lead-salt-ether method) in the cold 
(in acetic, acid solution) and allowing to stand three hours; the liquid is then 
filtered and the bromide precipitated by adding a mixture of alcohol, ether 
and acetic acid; if the prec^utated bromide leaves an insoluble residue on 
koiling with bromirie water fisK- oil is present. A morj simple method 
is to shake 10 c.c. of the mixed fatjy acids with a mixture curtaining bromine 
I, acetic acid 28, nitrobenzene 4, water 167 vois.; if no insoluble brorhide 
is deposited after standing fi)r i hour the oil is free from fish oi'l or from 
oils containing linolenic acid. If an insoluble bromide is obtained, it is 
filtered off and boiled with benzene for i hour; any insoluble bromide 
having a IVf.Pt. over 200° indicates the presence of fish oil. The cojour 
reaction suggested by these authors in their former paper has been adversely 
criticised by J. Davidsohn {ibid.^ 35 » ^86) and by M. Tsujimoto%(z^/V/., 
1916, 35, 262). 

Fish Oils 

The principal fish oils which arc on the market in any quantity are men- 
haden, sardine, salmon, herring and a mixture of oils known as Japan fish 
oil consisting of ^^arying quantities of the oils of Japanese sardines and 
herrings. Some notes on the sources and composition of these oils are given 
here, whilst the usual characteristics are given in the table placed at the end 
of each section. 

Menhaden Oil . — Menhaden oil is obtained from the body of the fish 
Alosa menhaden. This fish, which is largely found in American waters, 
resembles a herring although as a rule it is somewhat larger. The industry 
has now grown to considerable proportions on the Atlantic coast of America, 
the fish, after being cut up, being treated with steam in automatic conveyors 
when the oil separates out and is removed by settling. I'he residue is a 
valuable fertiliser. The fish contain varying amounts of oil, but it does 
not generally exceed 15 per cent. The better qualities are bleached by 
fuller’s earth— inferior grades are obtained from putrid fish or by pressure 
from the residue. 

The composition of menhaden oil was .studied to a certain extent by Bull, 
who did not, however, come to any final conclusions beyond finding a certain 
proportion of fatty acids having a vary high iodine value. 

E. Twitchell (J.S.C.I., 3^* 892), has also examined the fatty acids 

of this oil and found them to be composed ofi palmitic acid 22*7, myristic 
acid ()*2, stearic acid i-8,4msaturated Ci^ acicis 24*9, un^taturated Cgo acids 
22*2, unsaturated C22 acids 20*2. Fusion of the fatty acids with potassium 
hydroxide did not yield arachidic acid, and hente the fattv acid with 22 carbon 
atoms was not erucic acid,* although, like that acid, it yielded behenic acid 
on hydrogenation. It is probabh^ a more unsaturated acid, which is con- 
verted in the fusion into stearic for palmitic acid. This was confirmed by 
the depression of the M.Pt. of this fraction when melted with pure stearic 
and palmitic acids. 

Brown and Beal (J.S.C.I.y 1923, 42, 665A) have continued this work 
recently in a long paper the abstract of which, as it is the best work on this 
oil up to the present, is given here in extenso : 

“ The mixed fatty acids of menhaden oil undergo an increase in niole- 
cular weight, as shown by titration, when heated at 240° in a current of carbon 
* Cf., however, p^age 30. 
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dioxide, but the esters can be distilled almost without decomposition. Men- 
haden oil was esterified by means of alcoholic hydrogen chloride, and the 
ester, after distillation, treated with bromine in ethereal solution at — lo® 
to —5^. The percentage yield oT bromide (polybrejmide number), and 
its bromine content were determined.* The methyl ester, b.p.»i95°-240° 
at 15 mm., has polybromidc number 38-3, Br 68*31 per cent, (calculated 
for methyl clupanodonate, Br 68*79 cer^.). The ethyl and «-hutyl 

esters and their bromo-derivatives were ^so ^)reparcd. That substitutic^ 
does not occur.Ss probable since the «-butyl ester from linseed oil, b.p. 
i9o‘’-240° at i5^mm., gives a bromide M.Pt. 160° (polybromide number, 
51*0), Bi» 59*30 per cent., evidently w-butyl hexabromostearatc, for which 
Br = 59*38 per cent. Debromination of the bromides of the lower-boiling 
fractions of the ethyl esters of menhaden oil, by means of zinc and .alcohol, 
gives an ester, iodine value 333, from which an acid, iodine valufce 342, mole- 
cular weight 305, is obtained on hydrolysis. It is, therefore, evident that a 
pure^^ster of clupanodonic acid (CigHggOa) is not obtained in this way. 
Analytical data are given to show that the methyl esters of menhaden oil 
fatty acids may be partially separated by distillation into fractions, varying 
in boiling-point between 156”- 166° at 15 mm. and 255'’-26o° at 15 mm., 
which are probably derived from acids of the Cgn, and C^a 

series. Treatment of the lead soaps of menhaden oil by means of ether, 
and decomposition of the separated portions, give solid and liquid acids, 
but the methyl esters derived from the latter arc also only partially separated 
by distillation. Separation of the barium soaps by means of benzene con- 
taining moist alcohol gives a liquid mixture of acids, of molecular weight 
varying between 255*2 and 336*7, from which methyl c.sters are obtained 
probably containing methyl arachidonate, methyl docosapentenoate, and 
perhaps methyl docosahexenoate. The most complete separation is effected 
by reducing the polybromides by means of zinc and methyl alcohol, and 
fractionally distilling the product. A fraction is obtained wdiich is believed 
to be pure methyl clupanodonate, b.p. 215 ’ at 15 inrn., -1*4860, iodine 
value 348*8. The corresponding bromide, methyl octobromostearate, 
is a white, amorphous solid, M.Pt. 240°. In other fr.actions the presence 
of methyl arachidonate, methyl eicosapentenoate, methyl docosatetrenoate, 
methyl docosapentenoate, and methyl docosahexenoate seems probable. 
Exactly similar results arc obtained starting from cod oil or herring oil. 
Unsaturated acids were obtained Tby the hydrolysis of the unsaturated esters 
derived from the polybromides. Thesj? w^ere brominated, giving liquid and 
solid bromides, which were separately reduced, and again brominated. By 
analyses made at each step,^t is ^i\)wn that tju* liquid bromides contain less 
bromine than th« solid bromides, and that, on reduction, the former give 
a product having an iodine value lower than th^Vof the original acid, w^hilst 
the molecular weight is only ^lightly less. This product, on re -bromi nation, 
yields only a small amount of solid bromides. Since the degree of unsaturation 
decreases, structural change cvidenTly occurs. Probably either a double bond 
migrates to the a-jS-position ii^ respect tethe carboxyl (or ester) group, or a 
double bond may disappear by ring formation, as from a i*5-dienc grouping.*' 
The following test has been proposed by A. Hoppenstedt 
1911, 30, 36) for the detection of menhaden oil in cod-liver oil : 

«; c.c. of the oil arc dissojved in 5 c.c. of acetone in a test-tube of about 
5/8 in. diamet^, i c.c. of concentrated hydrochloric acid is added, and the 
whole shaken vigorously. 5 c.c. of petroleum ether are next added, and 
after mixing and allowing to separate, the colour of the acid layer is observed. 
With pure menhaden oil an intense bluish green is produced; with pure 
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cod-liver oil the layer assumea a yellow or brown. colour, with no trace of 
green or blue. With a mixture of equal pflrts of menhaden oil and cod-liver 
oil the green colour apparent, but is pa|;tially masked by the brown colour. 
The green colour can be observed when the quantity of menhaden oil is 
not less thin 20 per cent., but below that point the green colour is almost 
completely masked by the br<?wn due to the cod oil. 

Too much reliance musl not be placed on any such test as this. 
Menhaden oil has been used in ^arge quantities as a substitute for, or an 
adulterant of, linseed oil, but like other fish oils it is greatl^nferior to this. 
It is itself liable to adulteration witih rosin oil and mineral oil — these may be 
detected by the determinatifi»n of the unsaponifiablfc matter (not usually 
over 1*5 per cent., but E. W. Mann {J.S.C.L, 1903, 22, 1357) has reported a 
sample as containing 6 7 per cent.) and the application of the Liebermann- 
Storch test. * 


Table CCXLVI. — CHAitACTERisTics of Menhaden Oil 


Specific gravity 



Iodine value 
Saponification value 
Acid value . 
Unsaponifiable matter 


0 - 928 - 0-933 
I -4730-1 *4736 
150-180 * 

190-1.95 

3.5-12-0 

o*6~i-6 




(Cf. J. F. Liverscege, Analyst, 1904, 29, 211; J. Lund, 1914, 

33, 756; Brown and Beal, ibid., 1923, 42, 665A.) 

Sardine Oil . — This oil is prepared from the refuse obtained from 
canned sardines {Clupea sardinus, L.) at various places on the French and 
Spanish coasts. The oil may also be prepared from Indian sardines (cf. 
J.S.C.l.y 1914, 33, 491) and from Japanese sardines {Clupanodon melano- 
siicfa) the compositions of which are similar to that of the European fish. 

The composition of the fatty acids of sardine oil has been considered by 
W. Fahrion (J.S.C.I., 1893, 12, 938). He found that only small quantities 
of stearic acid were present and that the solid acids consisted for the most 
part of palmitic acid. He stated that the liquid unsaturated acids consisted 
mainly of jecoric acid Cif,lLoO.,, an isomer of linolenic acid. Weiss {ibid., 
1893, 12, 937) took serious objection tft these results. M. Tsujimoto 
{Analyst, 1906, 31, 335) from an examination of Japanese sardine oil found 
about 14 per cent, of a new fatty a^id of the series C„H2 „„r 02, which he 
termed clupanodonic acid and to which he assigned the formula CisHaROg, 
but which Majima and Okada (j.S.CJ., 1914, .33, 362) suggested might be 
CaoH^iiOa or even Fahrion repeated his work {ibid., 1918, 37, 

630A) and, although he confirnied the presence of clupanodonic acid, states 
that jecoric acid is present and also probably a less unsaturated fatty acid. 
In later papers Tsujimoto {ibid., 1920, 39^ 825; igzz^ 41, 719A; 1923, 42, 
1185A; cf. Analyst, 1921, 46, 5^^ and Goldschmidt and Weiss, J.S.C.L, 
1922, 41, 473A) state that the correct foritiula of clupanodonic acid is 
C22II31O2 and that Japanese sardine oil probably also contains acids having 
the formulae CjJIoHOa and CaoILaOg (C20H30O2 (?)) but that they have not yet 
been isolated. (Cf. S. Schmidt-Nielsen, ibid., 1922, 41, 300A.) This 
latter formula has been confirmed by Eibner anVl Semmelbauer {ibid., 1924, 
43, B986; cf. Tsujimoto and Kimura, 1924, 43, B62). 

* Doubtless depends on method of preparation. A figure of 192*9 has been 
reported by Lewkowitsch. 
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Japanese sardine oil (also known as Japanese iish oil and which should 
be carefully distinguished from Japanese cod-liver oil) is prepared on the 
large scale sometimes by chopping 4p the fish and steaijiing, and sometimes 
by allowing the fish to rot when a portion of the oil can be separated, the 
remainder being obtained from the resickie by pressure. By thesi methods 
various grades of oil are obtained. Frequentlj the Japanese oil is mixed 
with herring oil and sometimes with other fish nils. The analytical charac- 
teristics for the commercial oils are, therefore, kept separate in the tabli 
below. • 

A ten-years-old sample of sardine bfubber, which formed a viscous 
brownish -yellow oil depositing crystalline fate at ordinary temperature, 
was examined by Eibner and Semmelbauer (J.S.C.L, 1924, 43, B986). 
The characteristics of this were: iodine value, 136*0; acid value, 18 *8; 
ester value, 179-8; saponif, value, 194*9; unsaponifiable matfer, 0-5 per 
cent.; ash. 0*18 per cent. It contained clupanodonic acid, 12-7 per cent.; 
a-linoldic acid, 9**8 per cent.; isolinoleic acid, lo-i per cent.; oleic acid, 
28-6 per cent.; hydroxy-acids, 8*7 per cent.*; saturated acids, 22*0 per cent.; 
glycerol, 4*1 per cent,; and cholesterol, 0*5 per cent. These authors state 
that the oil is not suitable as a drying oil for paints. 


Tablk CCXLVII. — Characteristics of Sardine Oils 



* Kiirojvan 
Oil. 

1 Malabai 

^Commerna) 

2 Japanese 
Oil. 


Oil 

Japancsi* 

Oil 

Specific gravity 

0*928- 

0 - 933 - 

0*916- 

0*932- 


0-933 

0*934 

0*934 

0-935 

Acid value 

4 - 6 - 21 -7 

0 

1 

6 

10*0-40*0 

I • 3 - 8-2 

Saponification value .... 

189*0- 

192*2- 

189-8- 

194-8- 


193*0 

195*0 

192-0 

196*2 

Iodine value 

192*0- 

LS-1 -0- 

121-0- 

180*6- 


193*0 

172*0 

171-0 

187-3 




1 *4726- 

1-4633- 

1-4729- 



1-4736 

1-4665 

1-4735 

Insoluble bromides .... 

• 

27 -2-44 -6 



Unsaponifiable matter . 

0 * 5-1 *4 

1*8 

0 - 5 - 1 -5 

1 



^ Sudborough, Watson ,,and * Kurup, 1923, 42, 561A. 

^ Tsujimoto, Amh^st, 1906, 32, 335. “ Fryer and Weston, Oils, Fats and 
WaxeSy i, loi. Fahrion. Some samples had ioMtnc values as low as 161. 


Table CCXLVII I. —Characteristics of Fatty Acids 



' 

Ikiropean 

Oil. 

Malabar 

Oil. 

ConuTRTcial 

JapLinesc, 

Oil. 

Japanese 

Oil. 

Melting-point, °C 

Titre, °C. . . * . . . . 

i 

i 

i 30-6-33-4 

28- 

35-4-36-2 

Neutralisation number 
Insoluble bromides per cent. . 

1 

1 

— - 

194-195 

1 

1 

1 

•• i 

j 

44-2-47-1 

! 
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Salmon Oil , — This oil is obtained in considerable quantities as a by- 
product of the British Columbia canning industry. The properties of the 
oil depend, as has Ijeen shown by Bailey and Johnson {Analyst, 1919, 449 
98), to a certain extent upon the particular type of salmon from which the 
oil is obtained. These authors obtained the following results for the iodine 


and insoluble bromide valueji : 

\ 

t 

ciodine Number. 

Hexabromide 

VaTuc. 



- - - 

Chinook . . , 

127-134 

‘ 23-31 

Chum .... 

133->36 

28-30 

Red 

141-148 

33-37 

Cdho .... 

IS 3 - 1 .S 6 

43-46 

Pink .... 

154 

40 

Medium red 

16I-I66 

! • 

48-59 


The following characteristics have been observed for various oils by 
different observers : 


Table CCXLTX. — Characteristics of Sali^on Oil 



Salmon. 

a King 
Salmon. 

2 Silver 
Salmon. 

Commercial Oils. 

Specific gravity . 

0-925 

0-927 

■ 

0-918 

0-926 

^ 0*924 

Acid value . 

7*4 

9-8 



4S-S 

Saponification value . 

1 86 *4 

183-0 

193*3 

182-8 

188-5 

Iodine value 

148-1 

159-0 

150-6 

161-4- 

168-0 , 

«/“ 

1-4701 

^*4734 

I -4698 

1-4720 

1-4713 

Solidifying-point °C, 
M.Pt. of fatty acids 

below — 10 


-3to-ii 

1 



°C 

Insoluble bromide 

26-28*5 


1 



value . . . . 

Unsaponifiable 

j 38-9 


45-0 

1 


matter .... 



1-69 



Titre ^’C. . . . 

1 


29-2 

-4 

t 

I 

24-5 


^ S. Nakatogawa, 1918, 37, 767A. “ H.*A. Gardner, ibid., 

1920, 39, 494A. ^ de Grciff, Iodine value of liquid fatty acids, I97'4. 

Reichert value, o -6. ^ Fryef and Weston, Oil of Rank Odour. 


Herring Oil . — This oil may Ij) obtained from several species of herring, 
the commercial oils usually being those fro^n the Norwegian herring (Clupea 
harengus) or the Japanese variety {C. pallasi). Bull, in an examination of 
this oil {Chem. Zeit., 1899, 23, 996), states that he found unsaturated acids 
of the formulae, CaoHsaOg and C24H40O2 but this was not confirmed by 
M. Tsujimoto {Analyst, 1906, 31, 344) who, 4 however, found 3-8 per cent, 
of clupanodonic acid. H. Okada {ibid., 1909, 34, 62) founS that the portion 
least soluble in a mixture of ether and alcohol contained oleic, stearic and 
iso-cetic acids. An attempt was made by M. Tsujimoto {J.S.C.I,, 1913,. 
32, 96) to separate the fatty acids by means of superheated steam, but with 
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only moderate success. J. A, B. Svendsen 1917, 36, 657) found 

that the fatty acids were in the following proportion: Myristic, 6; palmitic, 
17, Buirs Cifl acid, 12; stearin, 2^ oleic, 7-8; isolirv)leic, 6-7; gadoleic, 
10; erucic, 16; clupanodonic, C20H30O2, C21H32O3 and C2BH34O2 together 7, 
and unidentified 10. C. Grimme 1921, 40, 267A) consider^ that the 
fatty acids present are approximately: saturate®, 20; oleic, 20; linolic, 33; 
linolenic, 17; and clupanodonic, 9; whilst "J. Lexow {ihid,y page 438A) 
considers that tj|e presence of myristic, palmitic, zoo'maric, stearic, olei%, 
clupanodonic, gadoleic and eruHc acids ij well established, whilst acids of 
the formulae C20H30O2 and C22H34O2 with hydroxylated acids are also present; 
the oil from salted herrings contains in addition lactones, lipoids and soaps. 
An account of the products obtained by the dry distillation of the sodium 
salts of these fatty acids is given by Hirose and Yamada {ibid.^ 43 » 

Xhe methods of obtaining the oil and of refining are usually of qnite 
a simple nature along the lines of those described under menhaden oil on 
page ^6. The characteristics of the qil which are similar for the European 
and Japanese varieties are given below : 

Characteristics of Herring Oil 


Specific gravity o-9i8-o*925 

Acid value 2-0”42-o 

Saponification value ’ 186-191 

Iodine value - 1 30-140 

1-4707 

Melting-point of fatty acids "C. . . about 30 

Insoluble bromide value .... 13-22 

Unsaponifiablc matter ^0'9-2*o 


^ Bull (Chem. Zeif.^ 1899, 23, 1043) found 179-193*7 for C. Jiarengus. 
2 Tsujimoto found 103-123 for C.pallasi, ^ Bull reports figures as high 
io’7 per cent. 

The characteristics of blown herring oils have been studied by Procter 
and Holmes (J.S.C.Ly 1905, 24, 1287), characteristics of the 

untreated oils. Cf. also A. Lusskin {thid.j 1912, 31, 935) and J. Lund (ibid., 

1914. 33 ; 756)- 

M. Tsujimoto (ibid., 1915, 34, 1259) has examined samples of fish oil 
stearine and oleine, and soap stock fatty acids said to be obtained mainly 
by distillation from the fatty acids of Japanese herring oil with the following 
results : 

Table CCL. — Tsujimoto s Analy^ws of Fatty Acids 


• 

FifoM Herring 




• 


Soap J-'oek Fatty Acid.s. 


Steal me 

Oleine. 



• 



I. 

2. 

M.Pt . . . . . 

Solidifying-point ^C. (titre 

53*5 


39 * 5-40 

37-5-38-5 

test) 

52 




Sp. gr. 1574° .... 

1 

0-9009 



Neutralisation value . . , 

*213-65 

169-67 

201-90 

196-65 

Saponification value . . | 

! 214-56 

191-05 

210-30 

202-98 

lodifie value (Wijs) . . | 

17-38 

63-38 

38-41 

42-70 

Unsaponifiablc matter . j 

— _ 

4-787 ! 

i- 83 %_ 

2-87% 
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Lesser-knmn Fish Oils . — It is not necessary to. consider these in detail, 
but the following table due to J. F. Liverseege (Analyst^ 1904, 29, 210) 
will give useful information. r 


Table. CCLI.— Analysis of Le^er-known Fish Oils (Liverseege) 



Seal. 

S Shark. 

V 

Dugon^. 

Haddock. 

Men- 

haden. 

Whale. 

Bnis- 

mer. 

1 

Hoi. 

Ling. 

S.G.I5-S” . . 

0-925 

0-962 

0-919 

0-934 

0-931 

0*917 

0-923 

0-919 

0*923 

n 

fif, .... 

1-4685 

1-4770 

I -4607 

1-4750 

1-4732 

I -4633 

I -4700 

I -4689 

1-4691 

Rotation 









(200 mm. tube) 
Hubl. Iodine per 

0 

- 0-5 

-0-1 

- 0*5 

-0-4 

-i-o 

-0-5 

- 4*0 

-0-6 

cent. 

132 

142 

69 

179 

174 

94 

138 

124 

133 

KHO required 





per cent, for 
free acid . . 


2-2 

0'5 

0-6 

0-5 

0*4 

o-i 

O-I ; 

0*1 

KHO total per 






cent. . . 

19-4 

6-0 

20-2 

! 19-3 

19-3 

i8-8 

18-3 

16-9 

i8-8 

^ Valenta test (^C.) 
Unsaponifiable 

88 

' 35 

1 

86 

i 73 

1 

78 

100 

108 

II3 

105 

matter per cent. 

i-o 

i 84-0 

i 

0-9 


0*6 

I-o 





^ Butter -^65"^ “Cf. A. Rogers, 1926, 45, B19. 


The following numbers due to Tsujimoto (J.S.CJ.y 1913, 32, 434) are 
also useful for reference purposes : 


Table CCIJ I. —Values for Lesser-known Fish Oils (Tsujimoto) 


(hi. 

Sp, (h. 

; . 1 , ' Iodine 

' i ^ 1 (Wiji,). 

1 K'efr.ic. 

J iideK 
at 20*^. 

M.Pt. 
of Fatly 
Acids. 

j Hydroxy 
j Acids, 





C. 

' Pei cent. 

Sea-lion oil . 

0-9278 

0-58 189-80 156-37 

1-4783 

295 


Bonito oil (i) 

0-9339 

15-80 184*69 ' 208-92 

1-4843 

34-5 

0-63 

„ „ (2) . 

1 0-9293 

21-36 182-64 189-45 

1-4820 

1-4837- 

32-0 

; 0-49 

Tunny-fish oil . 
Mackerel -pike 

i 0-9327 

; 70-85 185-32 198-90 

i 

31-0 

0-62 

oil . 

0-9223 

14 47 184-74 139*81 

I -4760 

26*96 

0-26 

Mackerel oil 

0-9301 

1-72 191*63^ 167*43 

1-4811 


> 

Akajei oil 

0-9268 

1-72 : 1^.86*98 . 161-95 

1-4784 

32*5 


Suketo-tara oil . 

0-9279 

I -18 1 187-87 ^ i(>9-58 

1-4798 

31-3 


Eel oil . . . 

Snapping-turtle 

0-9218 

0-0 : 200-60 ; 107-42 

j 1 

I -4712 

36-0 

1 

oil . 

1 

0-9229 

i 

0-45 ; 195-65 121-09 

1 1 

1-4737 

32*8 



The preparation of artificial petroleum from fish oil is dealt with by 
Kobayashi and Yainaguchi {J.S.C.I., 1922, 41, 242A) and the action of the . 
silent electric discharge on fish oils by L. Hock {ibid.y 1923, 42, 508A). 
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Although many liver oils have be»n examined from time fc time the 
only one that is of commercial importance is tllat of the cod, of which enor- 
mous quantities are produced. At one time the only source of medicinal 
oil was in Norway, but of late years the JJev^oundlaiid industry has maie 
great strides ana the product is now the equal in most respects of the Nor- 
wegian variety. ^ * 

Cod-Kver oil is obtained from the liver of jthe common cod fish, Gadus 
morrhuay which frequents the northern coasts in enormous quantities at 
various times of the year. At the Lofoten Islands in Norway, for instance, 
the fishing season lasts from February to April. In the first*instance*the 
co(f livers were simply a by-product of the cod -fishing industry and the oil 
was obtained afftr the livers had become rancid, consequently the product 
was very inferior. When the valuable medicinal properties of the oil were 
recognised the methods of preparation were considerably altered and with 
improved methods of transport it is now possible to obtain an oil of good 
flavour without any drastic methods of refinement which are likely to pre- 
judice its use for rhedicinal purposes. 

Preparation . — The modern methods for its preparation have been de- 
scribed at length in a series of papers by Drummond and Zilva. One 
describing the Norwegian methods {J.S.C.l.y 1922, 41, 280T) has been 
abstracted in the following way (Analysty 1922, 47, 445) : 

This paper is based upon a visit made by the authors to the chief 
Norwegian centres of the cod -liver oil industry, and subsequent examination 
of the samples then collected. The oil is obtained from the livers by three 
chief methods : (a) The old-fashioned rotting j)rocess, in which the livers 
*re stored in wooden vats for long periods, when the oil separates and collects 
upon the surface; (/j) heating in steam-jacketed pans; and (r) heating by 
direct steam, in which process live steam is blown into a mass of livers, 
and the oil is skimmed ofl after separating. The small amount of crude 
oil produced by the first process is rarely used for medicinal purposes, but 
that obtained by the other methods is refined by freezing and the removal 
of ‘ stearine,' this being occasionaHy followed by treatment with an adsorbent 
for the removal of pigment. Whichever method of preparation and refining 
is adopted, the vitamin A content is prictically unaffected, excepting during 
the bleaching of dark-coloured oils, which is however rarely done. The 
variations observed in the •i^itamin content are believed to depend upon 
the changes in d'iet or the flhysiological condr^^n of the fish at different 
seasons. The stearine removed during refining was found to possess a 
high vitamin content, but is generally used foj# technical purposes.” 

In a later paper {J.S.C.l.y 19^, 42, i85T) the same authors give an 
account of the Newfoi/ndland industry v^ich is based on their visit to the 
fishing-grounds. The results their investigations have been stated as 
follows {Analyst y 1923, 48, 337) : 

The oil is obtained under hygienic conditions, and the second fraction 
which is allowed to be used only for industrial purposes, possesses a vitamin 
potency almost equal to tha); of the first fraction. Oils obtained in 1919, 
1920, and 1921 showed no variation in vitamin content. The method adopted 
for refining the oil consists in chilling and allowing the stearin to settle out. 
This stearin, comprising from 3 to 5 per cent, of the oil, although used for 
technical purposes has a vitamin potency considerably higher than that of 
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butter. For this reason the unrefined oil contains a larger proportion of 
vitamin than the same material after refining, and the former would probably 
be of greater medicinal value, and could be employed in the form of emulsions. 
Owing to^their greater purity the Newfoundland oils are superior to those 
produced in Norway, although th^ opinion of the medical profession is 
in favour of Lofoten oils, '^"'he imports of Norwegian oils into this country 
are approximately five times'^ the quantity of those from Newfoundland.^* 

^ The excellence of the Newfoundland produce is assrred by the fact 
that in 1916 by an act of the Nevjrfoundland Legislature ajl the cod-liver oil 
production of the colony was put under the control of the Ministry of Marine 
and Fisheries. Every cod-lr/er oil manufacturer is required to hold a licence 
issued by this Government Department. Rules are laid down for the pre- 
paration of ;he oil. Government inspectors visit the factories to see that the 
regulations are complied with and also to instruct the manufacturers in 
the approved mcthf)d of manufacture. These inspectors act in conjunction 
with the Government Analyst. A certificate of inspection must be piv)duced 
by the exporter to the Customs Officer before shipping his goods. 

The direct steam process is almost entirely used now in Newfoundland. 
There are a few' jacketed plants still in operation, but the Ministry of Marine 
and Fisheries will not allow these to be renewed, so that in a few years 
nothing but the direct steam process will be operating. The person in 
charge of the factory must sec that the livers are fresh, all brown and poor 
livers being discarded. The gall-bladder must not adhere to any of the livers. 
Previous to steaming the livers are washed in a tub of clean fresh water; 
the steam-pan too, must be in a perfectly clean condition before commencing 
the operation. The steam is passed into the livers until a white scum 
floats. It takes usually about thirty minutes to arrive at this condition. 
After turning the steam off, the brew is allowed to settle for about five 
minutes. The oil is then decanted and strained through flannel, calico, or 
moleskin into a cooling tank of galvanised iron where it remains until the 
following day. It is then dipped and strained through a double calico bag. 
The strained oil is received in a tin chute, which conveys it to the cask, 
before entering which it is filtered once more through a funnel covered 
with cheese cloth. In washing the pans, the utensils, and cloths, only soap 
and water arc employed ; the use of soda is not allowed. 

Composition . — The composition of cod-liver oil has been studied by 
various workers. W. Fahrion 935) considers that 

jecoric acid may be present, although he could not identify it with certainty, 
and suggests the presence of an acid of the formula C17H30O2. Heyerdahl 
describes experiments to sho'Cv' that palmitic, j^coleic and therapic acids are 
present, whilst oleic and h^droxylated acids are absent. ' 

H. Bull has contributed considerably to our knowledge of the com- 
position of cod-liver oil. Fn his later papCr [Analyst, 1907, 32, 25, cf. 
Chem. Zeit., 1899, 23, 996) he uses the, method of alcoholysis and considers 
that he has proved the presence o*^ myristic, palmitic', stearic, oleic and erucic 
acid together w ilh acids of the formulae and C.20H3BO2. The opinion 

is expressed that Heyerdahl’s jecoleic acid could not have been present to 
any great extent. 

M. Tsujimoto [J.S.C.L, 1913, 32, 433) found that the fatty acids of two 
commercial samples yielded 34*4 and 36-2 pc’* cent, of octobromide respec- 
tively which approximated closely to the composition of therapic octobromide. 
J. J. Cerdeiras [ibid., 1916, 35, 477) states that he has isolated the glyceryl 
ester of tetra-chlorotetraiodotherapic acid C3Ho(Ci7H2302Cl4l4)3. Berg- . 
hausen and Steinkoenig [ibid., 1922, 41, 32A) state that, by extracting cod- 
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liver oil with acidified alcohol and purifying the yellow oil obtained, they 
prepared morrhuic acid, CbHijNOs, which is probably hydroxy dihydro- 
pyridine-butyric acid. (Cf. ibid.^t i^o, 29, 639; 1911, 1169.) 

The vitamin A content of the oil has been studied by various^ workers : 
Takahashi and Kawakami {ibid.y 1923* 42, O04A.), Hattori and Obata 
(ibid.y page 987A.) A. D, Holmes {Analysfy 19^4, 49, 240; 1925, 50, 80). 
Hess and Weinstock {J.S.C.L, 1925, 44, B600). Dubin and Funk {ibid,, 
p. B897). I • ' . ' 

Properties andJUses , — The great importance of cod-liver oil lies in its 
value as a curative agent in those diseases which are caused either directly 
or indirectly by malnutrition, the chief one being tuberculosis. For a 
long time it was considered that the therapeutic powers of the oil were due 
either to its ease of digestion (although why this should be so is a little 
difficult to imagine) or to the presence of small quantities of hamgens, pjfr- 
ticularly of iodine. It was generally recognised tliat although these might 
be reasons they w?rc scarcely explanations, and it would appear that the more 
recent discovery of comparatively large amofints of vitamin A is a much more 
likely cause; this is discussed in outline on page 477. It follows that, if 
this be the case, the testing of cod-liver oil should be by biological methods, 
in additions to chemical methods; such are, however, outside the scope of 
the present work. * 

Some attention has been directed to the use of this oil for the feeding 
of farm stock by J. C. Drummond and his co-workers {Analyst y 1923, 48, 
337, 339 )- 

Attempts have been made to remove the disagreeable odour and taste 
from the oil with the idea of using it as a substitute for cotton-sced oil and 
neutral lard. Encouraging results have been reported (J.O.F./., 1924, 
I. 55 > 

The sulphuric acid test with liver oil has already been fully described 
oii page 77. P. J. de Kadi {J.S,CJ.y 1920, 39, 550A) stales that oils which 
have been treated with bleaching agents such as fuller’s earth or animal 
charcoal no longer give the reaction, as the substances which cause this are 
absorbed by the agent. 

Radcliffc and Palmer {ibid., 1915, 34, 643) have examined the fatty acids 
of cod-liver oil after sulphonating the latter with 35 grins, of concentrated 
sulphuric acid for 100 gnus, of oiUat a temperature of 25'' or less. Their 
results are given in the following table : 


Solidifying-point (tftre test) X! 
Neutralisation value 
Mean molecular weight . 
Iodine value . . ’ . 

Yield of hexabromides . * . 


Fatty .Acids from 
OrioinaI Oil. 

22 •8^ * 

194 

289 

i 7 « 

* 42 per cent. 


Fatty Acids from 

SULPTIONATED CUL. 

257 

183 

308-6 
114-4 

II per cent. 


Examination . — The chief difficulty in the examination of cod-liver oil 
for the presence of adulterants lies in detecting the presence of other fish 
oils. On account of the fact that medicinal oils must be of good colour and 
flavour this difficulty is to some extent lessened, but, nevertheless, adultera- 
tion of this nature has taken place in the past. A method for the detection 
.of menhaden oil has been proposed by A. Hoppenstedt which is described 
on page 437, other fish oils such as shark-liver oils may be detected by an 
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increase in the amount of unsaponifiable matter present which, in the best 
oils, does not exceed i *5 per cent. The iodine value is useful. The refrac- 
tive index has bee/i shown by various workers to vary only within fairly 
narrow Ijmits, whilst possible adulterants give, frequently, widely different 
figures.. (J. F. Liverseege, Analy^, 1904, 29, 210.) 

The determination of file insoluble bromide value should be useful as 
^many of the likely adulterants yield results which are considerably lower 
'than those given by cod-liver oid. 

Liverseege (/oc. cit.) showed that the Valenta test was a useful one in the 
examination of cod-liver oil as, whilst various samples gave results almost 
identical many of the likely adulterants gave widely different results. This 
suggestion was followed up by E. Louise {Analyst^ 1907, 32, 365; 1910, 
35, 322; ;9ii, 36, 275) who suggests plotting the miscibility curves of the 
oil with acetone. For further particulars of this method which may give 
useful results in different cases, reference should be made to the original 
papers and to the subject of miscibility curves in gcneral'on page 94. 

Many of the characteristics'' given in the older papers on cod-liver oil 
were obtained on rancid samples and are of little value to-day. Those 
obtained from medicinal oil are reasonably constant as the following figures 
taken from the Annual Reports of Messrs Southall Bros, and Barclay (E. W. 
Mann) extending over many years amply testify: 

Iodine value 162-168 (154 -8-1 72 *5) 

7/'o I *4701-1 *4717 

Unsaponifiable matter 0*69-1*47 

In the table of characteristics of the oil given below three series of figures 
are therefore given. 

Table CCLI 1 1. —Characteristics of Cod-Liver Oil 


Medicinal (' )il. 



Average 

Values. 

Dsual 

Variations. 

Cxnnmercial 

Qualities. 

Specific gravity i5''/i5° . 

0*926-0*927 

0*925-0*929 

0*922-0*930 

Saponification value . 

1183-188 

182-188 

180-190 

Iodine value 

160-170 

155-181 

146-190 

Reichert value . . . 

0*2 

o*i-o*6 

0*3-2*5 

9,40 

n . . . . • >t ’ \ 

1*4705-1*4715 

I *4700- 1, *4730 

1 *4690-1 -4740 

Unsaponifiable matter . 

0-8-1 -4 

0*7-1 *5 

i 0 *7-3*0 

Acid value . . . . vi . 

0-0*4 •* 

0-28 

1-40 

(and higher) 


( 


Characteristics of the Fatty Acids : « 

Titre °C 14-25 

Iodine value 164-176 

It should be remembered that medicinal oils are always chilled and filtered 
w^hich thus removes a portion of the stearine; the values of the oil are, of 
course, considerably altered by this process. (Cf. J. Lund, J.S.C.L\ 1914, 
33, 756 and H. Thaysen, ibid,, page 322.) 
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The BJP. has the following paragraph for the requirements of the 
medidnai oil: * . 

“ Cod-liver oil is the oil expressed from the frfsh liver of the cod, 
Gadus morrhua, Linn., at a temperature not exceeding 85®^ and from 
which solid fat has been separated by filtration at about —5®. . 

** Characters and Tests , — ^Pale - yellow. Slight, fishlike, but not 
rancid odour; taste bland, fishlike. Spyific gravity 0-920 to 0-930; 
8aponificati(i||i value 179 to 192; iodine value 155 to 173; ncid valire 
not more tha|i 2-5; refractive index 3^40°, 1*4704 to 1-4745; unsaponi- 
’liable matter not more than 1-5 per cent. When exposed for three 
hours to a temperature of o®, no solid fat separates.” 

The .monograph in the United States Pharmacoposia is as follows : 

“ A fixed oil obtained from the fresh livers of Gadus morrhuay Lirm., 
•and of other species of Gadus (Fam. Gadioe), Preserve it in a cool 
pl^ce, in well-closed containers, which have been thoroughly dried 
before filling. • • 

“ Cod-liver oil is a pale-yellow, thin, oily, liquid, having a peculiar, 
slightly fishy, but not rancid odour, and a fishy taste. 

“ It is slightly soluble in alcohol; soluble in ether, chloroform, 
carbon disulphide, or ethyl acetate. 

“ Specific gravity: 0-918 to 0*922 at 25 C. 

” A solution of i drop of the oil in i mil of chloroform when shaken 
with I drop of sulphuric acid acquires a violet-red tint, gradually 
changing to reddish-brown. 

” Allow 2 or 3 drops of fuming nitric acid (specific gravity about 1*44) 
to flow alongside of 10 or 15 drops of the oil contained in a watch glass; 
a reddish or purplish colour is produced at the zone of contact. On 
stirring the mixture with a glass rod, this colour becomes bright rose-red 
(distinction* from seal oil, which shows no change in colour, and from 
other fish oils, which become blue). 

” Cod-liver oil is only slightly acid to litmus paper which has been 
previously moistened with alcohol (free fatty acids). Saponification 
value: not less than 180, not more than 190. Iodine value, not less 
than 140, not more than 180.” 

This monograph has been rathtr severely, and not altogether unjustly, 
criticised by H. C. Fuller {The Chemistry ^nd Analysis of Drugs and Medicines. 
New York and London 1920) in the following words: 

** The figures given in the 9th i^evision of J:he U.S.P. as applying to a 
cod-liver oil of standard puril^, ai%’ nearly all incorrect, and the test for the 
limit of free fatty acids is vague and of no value. * Oils of high purity will 
often contain nearly i per cer^. of free acid. The figures and the colour 
tests togctllCT arc not hmited to cod-liver oil, but will apply equally well to 
carefully refined oils frorji other fish^ivers*^ though it should be stated that 
in this investigation the oils from the livers of American cod and other 
American fish lose their original character and become unfit for medicinal 
use after three to four years,” 

Blubber Oils 
Seal Oil 

» 

Seal oil is obtained from the blubber of various species of seal. Various 
methods have been used for the preparation of the oil-giving products of 
varying degrees of purity. The more modern methods follow closely 
those obtaining in the case of whale oil, which are described below on page 448. 

* 2F 
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The composition of seal oil has not been worked out at all fully. Bauer 
and Neth (J.S'.C./., 1924, 43, B183) Tvorking on an old sample found that 
the fatty acids consisted of palmitic acjd, physetoleic acid (hexadecylenic) 
and small quantities ?>f clupanodonic acid. Similar results have been obtained 
by M. TSujimoto. This work, obviously, is not of a final character and 
further investigation is desir^le. (Cf. A. Wingardj^.iS.C./., 1911, 30, 1022.) 

Figures for the characteristics of seal oil have been published by various 
'^S^orkers as J. F. Liverseege (^Anajyst^ 1904, 29, 210), Schnejder and Blumen- 
feld (ibid., 1906, 31, 78), A. P. Lidoff {ihid.y 1911, 36, 21), j- Lund (J.S.CJ,, 
33 * 7 S^)» Tsujimoto (ibid,, 1916, 35, 1069). These and other 
figures are summarised in the following table : 


Table CCLIV.— Characteristics of Seal Oil 


Sp’ecific gravity 
Iodine value 
Saponification value . 



Unsaponifiable matter 
Acid value 


o *924- o -926 
130-150 (193)*** 

1^5-195 

1*4680-1 *4700 
0 * 4-1 *5 

0*0-40*0 


Whale Oil 


Whale oil is extracted from the blubber of various species of whale 
(Balcena) which occur both in northern and southern waters. The whaling 
industry has suffered many vicissitudes at various stages in its industry (cf. 
the interesting account of W. Mansbridge, J.S.C.L, 1917, 36, 362) and at 
one period became almost extinct, but the use of more modern weapons and 
apparatus has enabled the industry to carry on. 

Preparation , — The older methods by which the blubber was allowed to 
rot naturally resulted in inferior oils, but in the more modern methods a 
** floating factory ” is used to enable the oil to be prepared immediately 
on the successful completion of the chase. The following is the account of 
the methods used, given by Mansbridge {loc. cit.)\ 

“ The usual method of working such distant waters as the South Pacific 
and South Atlantic is for the floating factory to sail with supplies for the 
land stations towards the end of summer. This cargo consists of coal, 
provisions, building material, machinery and general stores, including empty 
barrels, the coal being carried in the oil tanks. After discharging at say 
South Georgia, the tanks are cleaned out ready for oil and the factory ship, 
accom})anied by its fleet of fishing vessels, departs for the cruising ground 
which may be at the edge of Lhe Antarctic ice. The actual pursuit and killing 
of the whale is done by srq .11 steamers of abokt 120 tons the gun is mounted 
in the bows and naturally the skill of the gunner is an important matter. 
On sighting a whale the vessel is allowed to drift near enough to the animal 
as it rises to blow within range, the harpoon is fired into it, out goes the thick 
cable, and if the shot has been a good one the whale is soon alongside, wound 
in by the steam wdnch and inflated through a hollow lance to make it float 
easily; as many as four may be secured in this way and taken to the floating 
factory on to the land station for disposal. The bomb harpoon, frequently 
employed, has an explosive head fired by a time fuse and if well planted in 
the whale death quickly ensues. 

“ The floating factory is often an old liner tilled with tanks for the reception 
of the oil: even the ballast tanks are utilised for the same purpose; some 
have a few large tanks built into them, others have as many as 80 or 90 smalt 
* Schneider and Blumenfelcl. 
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tanks; barrels from the land stations are carried in the ’tween decks* and 
the upper deck amidships is occupiel by the ‘ cooker tanks,’ as the digesters 
in which the blubber is rendered, or * tried out ’ are called. The cooker 
tanks are arranged in pairs ; they are strong iron vessell capable of standing 
a pressure of loo lb. per sq. inch, with a*wide manhole at the togjjhi; charging 
and one near the bottom for discharging the cxfiausted blubber, and perhaps 
one pair will be fitted with extra large openings 4 ft. diam. for the reception 
of bones, such if ribs and vertebrae; ciir\"<^ i#on plated are used to provide 
a free passage for the steam through the mass of blubber. 

Arrived aloi%side, the operation of ‘ flensing,’ which consists in stripping 
the blubber from the*dead whale, is at once commenced; huge pieces are 
hoisted on board, put through the chopping machine, taken up by an 
elevator* and dropped into the cooker, steam is turned on and after a sufficient 
period, generally six to eight hours, the oil is run off through a systempof 
separating tanks to get rid of the free water, then ijito the store tanks in the 
lower part of th 64 ship. 

“ The^roccss of cooking is of very greftt importance; upon the skill and 
care with which it is conducted depends whether the oil will reach the market 
in good condition or much depreciated in value, hence the cook shares with 
the gunner the honours of a successful voyage. As the largest number of 
cargoes arrive durirfg March to July it follows that a lai»ge part of the season’s 
oil is upwards of six months old, and it may even be eighteen months old 
when marketed, so that unless properly cooked it will keep badly and in 
consequence fetch a lower price when landed. The ambition of most 
cooks is to produce a very pale oil ; this is not an easy matter even from 
very fresh whales if the oil is well cooked, but unfortunately quite simple 
if undercooked. I have been informed that cold pressing with hydraulic 
presses has been tried with the object of obtaining a very pale-coloured 
oil, but, as might be exi)ected, the oil quickly became rancid and bad in 
other ways and the idea was soon abandoned. The best cook is one who 
is able to get the largest yield of pale oil with the best keeping qualities; 
this also best fills the requirements of both parties, the producer of the oil 
and the merchant who buys it from him. It has always been my advice to 
the captains of floating factories to make a well-cooked oil that will grade 
‘ No. I ’ and let the sujierfine colour go, because if stored it always depre- 
ciates and falls to No. 1 standard pr lower; they generally see the force of 
this, particularly as nowadays they do not get a premium for extra pale oil.” 
(Cf. H,.T. Olferdahl-Larvik, ibid.y 1914,33, 32.) 

Whale oil is marketed accordiiig^to grade, the grade numbers varying from 
o to 4 with o as the best article* I’lie grading dc'J.iends largely upon the colour 
on which point the^ollowing ftirther remarks of ^Uinsbridgc are of value. 

“ The accepted grades are known as No. 0, Mo. i, No. 2, No. 3 and No. 4. 
No. 0 ^ I arc now generally classed together, the foriiicr being regarded 

as a superfine No. i ; the colour varies from pale straw-colour to fine pale- 
yellow. No. 2 is ambef-ycllow an 3 No. 5 pale-brown, while anything too 
dark to be classed as No. 3 is regarded as No. 4, unless it is very bad coloured 
when it is referred to as ‘ dark whale oil.* ” 

In order to examine crude whale oil in the tintometer it is necessary to 
warm it slightly in order to melt the stearine; a temperature of 75^-80^' F. 
is sufficient for the purpose. Ji'he oil as delivered by the ship, always con- 
tains moisture which should not exceed 0*5 per cent. The sample must not 
be heated sufficiently to drive off water, and besides, this would probably 
darken the oil to some extent, neither must filtration be resorted to as thereby 
colour might be removed. Consid^erable care is therefore needed to obtain 
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accurate results, but a little practice will soon overcome any difficulty in 
the preparation of the sample. f 

The colours in I^ovibond’s neutral tint series are as follows: 


^lJTable CGLV. — Lovibqnd’s Neutral Tint Series 


* 

* Red. Yellow. 

Blue. 

No. 0 

. . . . 1-8 5*6 

0-8 

No. I 

. . K 4 5*0 20'0 

* 2*0 

No. 2 

. . . . 7*0 30*0 

1-9 

No. 3 

.* 26*0 80*0 

^ i-S 

No. 4 . 

. . Not requiivd. 



All in one-inch standard cell. 


, For an account of the quality of glycerol obtainable from whale oil see 
A. H. Salway (ibid., 1918, 37, 123!') and Cocks and Salway (ibid., page 126T). 

Composition . — The composition of whale oil has been ^tudied by several 
observers; H. Bull (J.S.C.!., 1^95,1 14, 130) was one of the eaflielt. M. 
Tsujimoto (Analyst, 1906, 31, 344) discovered clupanodonic acid as a con- 
stituent. The most complete investigation so far attempted is that of 
Milligan, Knuth and Richardson (ibid., 1924, 49, 149) who, by a combination 
of the Twitchell modification of the lead-salt-ether method and of the method 
of alcoholysis found tlic following approximate composition of the fatty acids; 
Myristic, 4*5; palmitic, ii*5i palmitoleic, 17*0; stearic, 2-5; oleic, 36-5; 
C20 unsaturated, 16; C22 unsaturatcd, 10; C.>4 unsaturated, 1-5. Like so 
many of the other fish oils, and indeed of all oils, much further work is 
desirable along these lines as a large proportion of the constituents is still 
obscure. An extensive investigation has recently been undertaken by 
E. F. Armstrong and Hilditch (J.S.C.I., 1925, 44, 180T) into the constitution 
of the unsaturated acids of wdiale oil. 

Y. Toyama (J.S.C.I., 1924, 43, B1019) has examined the fatty acids of 
the oil of the hump-backed whale and the finner whale with the following 
results : 

Table CCLVI. — Examination of Whale Oil (Tomana) 

Saturated acids 
Highly unsaturated acids . 

Saturated acid present 


Simple unsaturated acids . 

I 


More unsaturated acids 


* Probably clupapodonic acid. 


IIUMP-BACKED 

Finner. 

10 per cent. 

25 per cent. 

15 » M 

15 n 

( I^almitic 

J Myristic 

Palmitic Itv^t ■ .. 
Myristic J Majority 

1 Arachidic (?) 

Stearic 

{ Hchcnic (?) 

Arachidic 

t 

Qehenic 

. Oleic 

/Oleic 

C]flH 5 o 02 1 

f'* H 0 1 Lniei 

- Iso-erucic acid \ 

1 C2oH3R^J2 

^ 201 ^ 38^2 * 

C22H42O2 

CiiHggOo (?) 

^C.JLeOg (?) 

1 CifillgHOg 


1 C 18 ^ 30^2 


I C18H32O2 

Similar to hump- 

< CooH^gOg 

backed but rather 

1 O20H32O2 

larger quantities. 

1 C22H34O2 ^ 
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Myddleton and Barry (Fats Natural and Synthetic^ no) 

give as the composition of Newfou^idland whale oil, myristic 9, palmitic 
ID, atearic 3, palmitoleic 18, oleic 35," linoleic 9, and a^chidonic 16, whilst 
South Sea whale oil is said to contain myristic 8, palmitic 12, palinitoleic 17, 
oleic 25, linoleic 20, G22H3eOa 18. • , ^ , 

Hardened whale oil has been examined by B. Svendsea ( 1917, 
36, 603). A sample with acid value 1*5, saponification vrfue 195*7, iodine 
value 59*8, and^vhich yielded no insoluble b^omide consisted of 10 -8 pAr 
cent, of myristic yid, 17*9 per cent, of palpnitic acid, io*6 per cent, of Bull’s 
Cje acid, 10-8 per cent, stearic acid, 277 per cent, of oleic acid, 3*4 per cent, 
of arachidic acid, 8 per cent, of a solid acid, C22H3<i02, 2-5 per cent, of behenic 
acid and 8-8 per cent, of a solid acid, C22H4(,02. 

Buttenberg and Angerhausen (ihid.y 1920, 39, 121A) state that the un- 
saponifiable matter of whale oil after removal of the cholesterol is distinirtly 
optically active, [a]„ -2°, in contradistinction to* that from other animal 
fats. Thfy furth*er state that whale oil fields, when crystallised from acetone, 
a larger quantity of insoluble glycerides tlAn do animal fats. 

Table CCLVU. — Characteristics of Whale Oil 


Specifie gravity 15^/15"^ 
Saponification value . 
Iodine value 



Titre of fatty acids "C. 
Insoluble bromide value 
Acid value .... 


0*g20“0*927 

180-197 

105-135 

I *4630-1 *4710 
22-25 
25-30 

Upwards of i 


An examination of the oil of various Pacific Ocean whales has been made 
by W, M. Doherty {Analyst, 1923, 48, 495) with the following results : 

Table CCLVIIL— Analysis of Whale Oils (Doherty) 


Source of Oil. 

S.G. 
at 15 5° 

R.I. 
at jn“. 

Sap. 

\ aluc. 

Acid 

Value. 

Iodine 

Value. 

Blubber of Sci whale 

t 

0*9182 

1-4651 

195 

0*75 

99-6 

Bones, ,, . . 


0^9186 

1*4621 

197 

1*25 

86*4 

Blubfier of hump-back, i 


0*9232 

I *4661 

194-5 

5 *80 

108 

>1 j, ^ 


0*9212 

• I *4670 

192 

1*00 

119 

Tongue „ ... 


0*9212 ! 

^*4640 

199 

2*2 

! 105 

Tongue of blue whale 


0*9197 ! 

1*4626 

194 

0*87 ! 

I 95 

Steariqe from hump-back . • 
Oil and spermaceti from 

head 

0*9204 ! 

• 

1 

192 

35*00 

I 

92 

cavities of sperm whale . 

• 

0*8179 

! 1*4542 

145 

12-7 

66 

Oil from blubber of sperm wdiale . 

0*8796 

i 

1*4578 

1 

127 

3-0 1 

1 

89 


The oil of the sperm whale, sperm oil, is sharply distinguished from 
other species by its high content of spmnaceti and unsaponifiable matter; 
it is a liquid wax and not a« fatty oil. Some characteristics of this oil are 
given in the following table but vary according to the amount of stearine 
(spermaceti which is chiefly cetyl palmitate) which has been allowed to remain, 
this in turn depending upon the temperatures at which the stearine has 
been separated. 
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Table CCLIX. — Characiteristics of' Sperm Oil 


Specific pavity i5®/i5° * . . o*878-o*883 

Iodine vilue 80-90 

Vjpaponification value . ^ . . . . 1 25-1 40 

. . . * I -4580-1 *4620 

Unsaponifiable matter .... 37-43 


'* f f 

Spermaceti (the stearine of sperm oil) has specific gravity 0*950-0-960, 
saponification value 125-135, iodihe value 3-4*5, M.Pt. abbut 50°. 

Hydrogenated Whale Of/.-T-Characteristics have beelh published by various 
observers for the hydrogenated product of whale oil. A selection of these 
is given in the following table : 

Table CGLX .—Characteristics of Hydrogenated Whale Oil ' 

^ 


Observer. 

M.Pt. . 
®C. 

TAre. | 

°c. 1 

1 

M.J’t. 

Acids. 

Sap. 

Value. 

Iodine ^ 
\'aluc. 


^ E. Mellana 
® A. E. Sandelin . ' . 

52-5 

41-9 

44 ! 

! 

49 

1 190-9 ! 

i ' 

28 -8 
57-8 

1-4517 

1-4504 


^ 1914, 33, 701. - Ibid., page J097. 


Dolphin and Porpoise Oils . — These oils are extremely interesting in that 
they contain large quantities of volatile acids so that their Reichert values 
are very high, figures of as much as ii2 having been obtained. The oils 
from the jaw and from the body differ considerably in composition. It 
has been suggested that the volatile acid is valeric, but this kands in need, 
of confirmation. The writer has attempted on many occasions to obtain 
authentic samples of this oil but always without success. E. Andre {Analyst^ 
1924, 49, 2q 6) states that he has confirmed the presence of isovaleric (iso- 
propyl acetic) acid. (Cf, Nakatogawa and Kobayashi, J.S.CJ,, 1922, 4 1, 
5S6A.) 

M. Tsujimoto (ibid., 1913, 32, 434) has determined the following char- 
acteristics for dolphin oil (Cf. ibid., 1923, 42, 276A.) : 


Table CCLXI. — Characteristics of Dolphin Oil (Tsujimoto) 


Specific gravity 15'^/ 15° 
Saponification value 
Iodine value .... 
Reichert- Meissl value . 
Refractive index at 20^^ 
Butyro-refractometer 

Acid value 

Octobromides of fatty acids, 
per cent 


1 

1 Oil from 

i >il from 13 ody. 

Refined 

1 Head. 

Boiling 

Ivo.isting 

Head Oil. 


i’ro«coss. 

Process. 

- - 

09249 

0-9286 

0-9307 

09259 

27978 

2^7-22 

230-35 

277-70 

24-48 

125-25 

114*35 

25-67 

i 112-31 

30-40 

44*39 

. . - 

1-4524 

1-4717 

1-4695 

1*4517 

40-0 

69-0 

65-5 

39*0 

2-30 

11-90 

3-97 

0*26 


24-75 


•* 
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The following characteristics qf porpoise body oil are given by Schneider 
and "iXurntnlAA (Analyst, 1906, 31, 'fe) : 

Table CCLXIL— Characteristics of Porpoise Body Oil 
(Schneider and^lumekfeld) 


Sp^ific gravity i5°/i5° . . . . #*933 

Acia value . 1*2 

Saponification value . . ... . . . 224-8 

Iodine value . . . 1 1 1 *2 

Reichert value • . . 42-1 

1-4621 

Titre °C 18” . 

Iodine value of acids 126-0 


HYDROGENAltD JlSH OlLS 

Various types of tallow-like substances are now prepared by the hydro- 
genation of fish oils. Some of these have been described under the individual 
oils in the preceding section; the following additional information may be 
found of value. Two samples of such products etHmined by C. Grimme 
(Analyst, 1913, 38, 373) had the following characteristics. 


Table CCLXIIL— Samples of Hydrogenated Fish Oils (Grimme) 


Sp. Gr. 
at 13°. 

M.I’t. 

1 

Sol. I'l. 

“C. 


;\cid 

Value. 

Saponification 

Value. 

Iodine 

Value 

(VVijs). 

1 

0-9271 

0-9200 

47-2 

38-5 

1 

1 34-9 

1 31-6 

1-4529 
! 1-4575 1 

1 

1-94 

I -00 

1 

189-3 

1 88 -8 

23 24 

58-34 


Grimme also studied the colour reactions of the hardened products 
and gives the following results : ^ 

TABiE CCLXIV.— Colour Reactions of Harijened Fish Oils (Grimme) 



!r~ 

* 

Hafdencd < )ils. 



Seal Oil. 

• 

Whale < )il. 

f Liver Chls. 

Fish Oils. 

Fuming nitric acid 

Red-brown *1 

• 

' ■# 

BrowJ after- 
wards black- 
brown 

Blood-red, 
then bluish- 
red to brown 

Brown 

Sulphuric acid 

Red-yellow 

Brown, then 

Vfolet to 

Green then 

(sp. gr. 1-65-1-70) 

then brown- 
red 

blacl^-brown 

violet-black 

1 

brown to 
black 

Nitric and Sulphuric 

Red, t6en 

Yellow, then 

Yellowish-red, 

Yellow, 

acids (i : i) . . 

brown 

red-brown 

onion red, and 
finally red- 
brown 

green to 
brown 
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Table CCLXw. - continued 


• 


J , Hardened Oil. 


Seal Oil. 

1 

Whale Oil. 

Liver Oils. 

Fish Oils. 

Syrupy phosphonjc 
a'cid . . . . 

Aqua-regia . . . 

Sodium hydroxide 

Phosphomolybdic 
acid (1%) added to 
chJoroform solution 
of fat . . . . 

Brown ^ * 

Pale-yellow 

mass 

Blue ring 
at junction 
of liquids 

1 • 

Red-brown 

L 

Red-brown 

1 

Red ^ 

• »■ 

Red ‘ 

Red-brown 

• • 1 

Red-brown 

4 * 

1 


% *■ * 

In a later paper Crimme states (ibid.y page 433) that the intensity of the 
colourations decreased with the degree of hardening, but that in each case 
it was possible to detect the presence of a marine animal oil. In particular, 
the test with i c.c. of sulphuric acid and i drop of tincture of iodine gave 
a very characteristic vidlet-red colouration in every instance. 






CHAPTEIi XXIX 

I 

MEDICINAL OILS 

• • 

. - Castor Oil 

SouRCE.-^Castor oil ii obtained by expression from the seeds of the castor 
plant, Ricinus communis^ L. This plant is found in nearly all tropical and 
sub-tropical countries, in many of which it grows in enormous quantities. 
Whjlst the plant grows wild in various regions it is also cultivated, as in Ii^ia 
from whence the bulk of the present day supplies are received, so that the 
increasing demands that are being made on castor oil are not likely to cause 
any permfinent shortage of supplies. • Cye is necessary in cultivation on 
account of the rapid exLiustion of the soil by the crop. The cultivation and 
utilisation of the castor plant is considered at length in a paper in the Bulletin 
of the Imperial Institute {Bull. Imp. Inst,^ 1911, 9, 17). 

The tree variesln size from a small shrub to a small tree reaching twenty 
feet or so in height. These differences are due to the existence of several 
species and also to the effect of climate and methods of cultivation. I'he 
seeds themselves also show considerable differences, both of size and colour. 
The most important distinction commercially is that of size; the classes may 
be roughly divided into large seeds and small seeds— the latter are, of course, 
more suitable for export, on account of the smaller bulk occupied by a given 
weight; but the expression of the oil is being more and more carried out in 
the country of origin, on account of the comparative uselessness of the cake 
^cept as a fertiliser, so that the bulk is becoming of less importance. 

The seeds which have usually a characteristic mottled appearance are 
about the size of small beans. They contain 20 per cent, of husk, free from 
oil, and 80 per cent, of kernel. The average oil content of the seeds is about 
50 per cent,, the usual variations being from about 46 to 52. For the pro- 
duction of oil the seeds arc first decorticated by lightly crushing between 
rollers, the husks removed by m(;^ns of a blast of air, and then expressed 
in the cold. The first expression gives the finest oil (a yield of 30 per cent, 
and qver being usually obtained) the only grade suitable for medicinal 
purposes. The reason for this is that the seeds contain a poisonous substance, 
ricin, which is not removq^ by* pressure in the cold. The cakes thus 
obtained arc expnessed a second and a thirds t^me after heating, further 
quantities of oil being obtained suitable for manufacturing processes. The 
cake4jtt'^''''J from the last pressing usually contains up to 8 per cent, of 
oil, which is recovered by extraction with carlion bisulphide after the cake 
has been ground to a meal. • ^ 

The exhausted meal is poisonous and is, therefore, useless in its ordinary 
condition for cattle feeding, it contains, however, a large proportion of 
nitrogen which makes it a valuable fertiliser, and for this purpose it is used in 
enormous quantities both in India and by* the market gardeners of Southern 
France and elsewhere. Efforts have been made to remove the poisonous 
substances from* the meal (cF. J.S.C.L, 1902, 21, 30; J. Board of Agric.y 
1918, 24, 1444) and this would now seem to be possible, but there is a 
prejudice of long standing against its use which will take a long time to 
overcome. 
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A test for the detection of castor seMs in other seeds has been proposed 
by Lander and Geake {Analyst, 1914, 39, 292) whilst a test for the detection 
of lupin seeds in castor seeds has been? suggested by Muenk {J.S,C IQIS* 
34, 678). ^ 

The oif^is usually refinec^ by st^ming, which results in the coagulation 
of albuminous inatters which may be filtered off; other processes of deodor- 
isation are somet^gies used. 

t Composition , — Castor oil ^:onrists largely of the glyceride of ricinoleic 
acid. Hazura and Grussner {J.S.C.L, 1888, 7, 681) state that oleic acid is 
not present, but they report the presence of an isor\cinoleic acid^ but this 
has not been confirmed by Haller {Compt, Rend,, 1907, 144, 462), who 
found only stearic acid, ricinoleic acid and hydroxystearic acid, the latter 
compound having previously been discovered by Juillard. As a result of a 
consideration of the relationship between the iodine value of the oil and ^the 
acetyl value, together with the iodine value of the liquid fatty acids^ Lew- 
kowitsch is of the opinion that a less saturated fatty acid Ithan ricinoleic is 
present, but it has not yet been ist^jlated. It must be allowed tl\at the com- 
position of castor oil is not yet definitely settled. Eibner and Munzing 
{J,S,C.I., 1925, 44, B67Q) found ricinoleic acid, 80; oleic acid, 9; linoleic 
acid, 3 ; stearic and dihydroxystearic, 3 per cent. ^ 

Properties. — Castor*ioil is remarkable among the fatty oils in that it is 
freely soluble in absolute alcohol and only slightly soluble in petroleum 
ether and also on account of its high specific gravity, viscosity, optical rotation 
and acetyl value; each one of these is a characteristic property of the oil. 
It is quite colourless and transparent when pure, but frequently has a 
greenish tinge which varies in deptli according to the purity of the oil. It 
has a characteristic flavour very unpleasant to some, whilst to others it is 
unobjectionable. The B.P. states “ that it should he nearly colourless, or 
with a yellowish tinge, viscid, liable to solidify at low temperatures, slight 
odour; taste at first bland but afterwards acrid and unpleasant.** ^ 

Castor oil does not dry. On standing exposed to the air its specific 
gravity is increased without much increase in the acid value or decrease in 
the iodine value. On blowing air through at an elevated temperature, 
say 150^’, the specific gravity and refractive index are increased and the iodine 
value decreased. (See Procter and Holmes, J.S.C. I., 1905, 24, 1287.) 

Characteristics . — An average sample of castor oil may be considered to 
have characteristics which are included in the table below: ‘ 


Table CCLXV.— ‘Average 

f 

Specific gravity is'"* . 
Saponification value .... 
Iodine value . . . * . 

Optical activity in 200 mm.*tube 
Index of refraction 40° . 

Acetyl value 

Acid value 

Reichert value 

Titre °C V . 

Iodine value of acids 
Unsaponifiable matter . 


Sampli? of Castor Oil 

• • 

. O'Q^S-O-ofiS 

• . 177-187 

82-90 ■ 

•. 7-6'"-9i7° (usually 8°-9°) 

. I -4705-1 -4720 

. • 147-150 
0-3-8-ot 
0 - 2 ~ 2*3 

; 86 -^ 88-5 * 

0-3-0-6 per cent. 


• Cf. J. W. Loathes { Analyst , 1892. 17, 121). 

I Best samples not more t^an 4-0. 
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R. 0 . Jones has shown (J.S.cX, I917, 36, 359) that hydrolysis of castor 
oil goes to completion by either the autoclave or the Twitchell process. 
The apparent incompleteness as slM)\^n by the acid value is due to the for- 
mation of polyricinoleic acids by the condensation of the ricinoleic acid 
molecule. The action of nitric acid oit castoil oil has been dfi^t with by 
W. F. Reid (J. 5 .C./., 1899, 18, 972) and R. Brightman 1917, 

36, 984). H. ?£ imeranz (J,S,C.Ly 1916, 35, 642) has stu^d the behaviour 
of the sodium s^ps of sulphonated castor oil irf hard water • 

Deering and l^edwood found that the oil gave in Redwood’s jiscometer 
at 100° aji efflux time; of 1160 to 1190 seconds. Oil from Egyptian seeds 
sometimes gives abnormally low viscosities <(W. R. G. Atkins, Analyst, 
1919, 44, 287). The oil is miscible in all proportions with glacial acetic 
acid and absolute alcohol whilst it is soluble in three volumes of industrial 
methylated spirits (64° O.P.) at 15'’. Finkener {J.S.C.L, 1^87, 6, 148) 
uses ttys as the basis of a test. • 

Specia^ Tests As stated above Fijikener shakes 10 c.c. of the oil with 
50 c.c. of akohol of specific gravity 0*83 Vhen, if the oil is pure, complete 
miscibility should result. Frabot {Analyst, 1918, 43, 40) modifies the test 
by making a solution of one volume of the oil in five volumes of 95 per cent, 
alcohol and cooling the mixture below ~20®. In the case of pure oils, it 
is stated, the liquid remains clear while as little as 2 per cent, of arachis oil 
will give an opalescence at —5*^ and a turbidity at —9°. 

N. J. Lane {J.S,CJ., 1907, 26, 597) bases a method for the determination 
of other liquid oils in castor oil on the insolubility of lead ricinoleate in 
petroleum .spirit, the method being carried out much in the same way as the 
separation of solid and liquid acids. 

About 3 grms. of the oil are saponified with alcoholic potassium hydroxide 
solution, and the soap solution is almost neutralised with acetic acid, using 
phenolphthalein as indicator. The liquid is then poured into an Erlenmeyer 
flask already containing 200 c.c. of boiling water and 30 c.c. of 10 per cent, 
lead acetate solution. The mixture is boiled for six minutes and then cooled 
by rotating the flask under a stream of cold water, the lead soap adhering to 
the sides of the flask. The aqueous solution is poured off or filtered, the 
lead soap is melted, cooled, and any remaining water drained away. The 
lead soap in the flask is then boiled out repeatedly with petroleum spirit, 
using about 225 c.c. in all, and the extracts and some insoluble lead soaps 
are collected iTi a 500 c.c. measure. TJie petroleum solution is diluted with 
more*of the solvent, boiled for one minute, cooled, and made up to volume, 
and allowed to stand overnight, so that the insoluble lead ricinoleate may 
settle out. A known volunfc of the clear solution is drawn off, the solvent 
is evaporated untfl the residue measures about 75 c.c., and the latter then 
decomposed by the addition of 10 c.c. of 10 per cent, acetic acid. After 
waOTug cn^'^solutiqn of the fatty acids in th^ petroleum spirit with water 
until free from water-soluble acj^lity, tl^e mixture is distilled in order to 
remove most of the petroleum spirit; 50 c.c. of alcohol are added, and the 
solution is titrated with N/io s»dium hydroxide, the result being calculated 
into oleic acid. 

Under these conditions castor oil gives practically no oleic acid so that a 
direct determination of the oleic acid m the adulterant is thus possible. 
Lane states thai the percentage quantity of oleic acid found, divided by 80, 
gives the oils other than castor oil, this oil being then found by difference. 
The factor 80 is taken, since most of the oils used in the above materials are 
vegetable oils containing about 80 per cent, of liquid acids. 

Frabot further suggests the s^^aking of 20 c.c. of the sample with 80 c.c. 
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of petroleum ether (boiling between sjnd 70®) in a stoppered graduated 
cylinder and allowing the liquids to separate. In the case of pure castor oiL 
he states, the increase in the volume of the oily layer, due to solution of the 
petroleum spirit, will be ii or 12 c.c., but in the presence of foreign oils it 
will be grdjter, and the amq^unt of increase affords a rapid criterion of the 
purification of the oil. After complete separation 50 c.c. of the petroleum 
spirit layer are c^porated and the residue weighed. Under these conditions 
tV/elve samples of 'pure castor^oil ^yielded from 8-35 to 9-85 |Jer cent, residue, 
the average being 8*52 per cent. By deducting the average figure from, the 
amount of residue obtained from a mixture it is passible to estimate the 
amount of foreign oil present. This method is criticised by ChercheflFsky 
{Amlysty 1918, 43, 218) but Frabot {Analysty 1918, 43, 326), whilst admitting 
that the solvent power of petroleum ether varies with its origin, maintains 
that the process is accurate if a control test with pure castor oil is run at the 
same time (cf. Frabot, J.S.C.L, 1918, 37, 98 A). The reason for the varia- 
bility in the solvent power of petroleum ether has been shown by W.' R. G. 
Atkins {J.S.C.I.y 1920, 39, 52iA)Ho be due to variations in the proportion 
of aromatic and naphthenic compounds as these latter increase the solubility 
of castor oil in the liquid. 

Dealing w'ith the petroleum ether test the B.P. states that 10 millilitres 
shaken with 7 millilitYcs of petroleum spirit in a stoppered glass cylinder 
form a clear mixture at 15*5^; on shaking with a further addition of 3 milli- 
litres of petroleum spirit a turbid mixture is formed, which becomes clear 
when maintained for five minutes at 2t^, but again becomes turbid when the 
temperature falls below 18"' (absence of other fixed oils). 

H. B. Stocks {Analysis 1923, 48, 590) bases a new method of examination 
upon the fact that castor oil soaps exhibit very little dissocial ion in w'ater 
as compared with those of otlicr oils. The method consists in saponifying 
5 grms. of the oil by means of 40 c.c. of N/a alcoholic pota&h, neutralising 
the resulting liquid with N/i hydrochloric acid and evaporating to dryness^' 
The soap is dissolved in water and the solution diluted to 100 c.c. and 10 c.c. 
of this solution is poured into 250 c.c. of distilled water and the mixture 
titrated with N/io hydrochloric acid to phcnolphthalein. Under these 
conditions Stocks found that castor oil required o-6-i'3 c.c., whilst other 
oils required quantities as below’: 


Arachis oil 

• <;- 3 - 9-5 

Palm oil . 

. S-2-8-6 

Olive oil . 

. 8.2-S-5 ^ 

Lard . 

. 9 - 2 - 9 -4 

Idnsced oil 

• 5 - 5 - 5 -^' 

Tallow 

. 8 7-8 -8 

Rape oil . 

. 7 - 7 i- 8 -o 

Butter fat 

• 7 - 4 - 7 -9 

Cotlon-sced . 

• 7 ' 3 - 7 -4 

Coconut oil . 

, . 4 - 4 - 4-6 

Palm-nut oil . 

• 5 - 2 - 5 -3 

Rosin . 

• 8-5 


This method is interesting, but at any rate until it has been given ex- 
tended trial, it is not likely to supersede the more direcc tests usually employed 
— it may be useful, however, in doubtful cases. 

Detection of Adulteration , — The addition of any other oil to castor oil 
will lower the acetyl value or the optical activity (usually both) and will 
interfere with the solubility in alcohol and petroleum ether. Rosin oil 
has been used as an adulterant in the past but is readily detected by the 
amount of unsaponifiable matter present. For routine purposes it will 
usually only be necessary to take the specific gravity and the optical rotation 
and to test the solubility of the oil in alcohol and perform the B.P. petroleum 
ether test described above. Should any of these cause any suspicion the 
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acetyl value should be iletermimdji should this be low the subsequent 
examination will follow the lines alr^dy outlined above, the actual methods 
depending upon the nature of the results already obtained at this stage. 
The presence of liquid vegetable 6ill may be confirmed by an increase in 
the iodine value or by the presence of oleic acid determined aj described 
above. * * . 

Hydrogenated Castor Oil — When subjected to hydroganation castor oil 
can be hardendli in the usual way. The hydroxy grgu/can, by suitable 
means, be either left untouched or complet^y removed In the forirftr 
case the hardenedq>roduct retains to a considerable extent its special solubility 
properties, whilst in the latter case these are completely changed with forma- 
tion of a product having the usual solubilities of a hardened fat. 

E. Mellana {J.S.C.I.y 1914, 33, 701) has examined a sample of the com- 
mercial product coryphol,'’ which is a hardened castor oib He found 
tha*t the substance had melting-point 81®, saponification value 180-5, iodine 
value 18-5, acetyj value 125, whilst the fatty acids had melting-point 75® and 
solidifying-point 68°. • 

A. Brochet (J.S.C.I.y 1923, 42, 317A) states that castor oil is completely 
hydrogenated under a pressure of 1 1 atmospheres in the presence of reduced 
nickel at ii2°-ii4° in 90 minutas, the hydrogenated oil having melting- 
point 86° and iodine value 2. When the product is heated in an open flask 
it begins to give off hydrogen at 150° and the volume liberated increases as 
the temperature is raised up to about 280°. I’lie original oil absorbs 70 c.c. 
of hydrogen per grm., whilst about 40 c.c. per grm. is evolved. 

In dealing with hydrogenated castor oil Sudboroiigh has reported diffi- 
culty in the determination of the iodine value. In the case of a hardened 
product having an acetyl value of 72, the iodine value as determined by the 
Wijs method, was 6-9, whilst the Winkler method gave uncertain results 
varying from 27 to 84 — the Winkler method is evidently unsuitable for such 
^cases. 

Thoms and Deckert {Analyst y T921, 46, 139) have isolated from a sample 
of hydrogenated castor oil (M.Pt. 80°, iodine value 12) a new hydroxystearic 
acid having melting-point 83° (iodine value o), whilst A, Bdmer (J.S.CJ.y 
1923, 42, 1232A) has isolated from a similar sample the following glycerides; 
trihydroxystcarin (M.Pt. 89-4 ), stearodihydroxystearin (M.Pt. 75°), and 
distearohydroxystearin (M.Pt. 69-5°). 

A. Mailhg {J.S.CJ.y 1923, 4% 149A) has found that castor oil passed 
over heated copper or aluminium turnings undergoes decomposition, the 
procTucts varying according to the catalyst. Below 600° the hydrocarbons 
formed arc almost entirely of the paraffin series, but above this temperature 
increasing amounts of aronf^tic hydrocarbons vire produced. Oeraanthalde- 
hyde is always formed during the process. • 

^,^,^astor ji^an Lipase . — Thp lipase which is present in the castor bean is 
becoming of increasing value as the basis lof commercial methods of fat 
splitting. The high price of th» sceds^militates to a certain extent against 
their use but the undoubted advantages which the method has, will doubt- ^ 
less lead to its increased use. For fuller particulars of the method the reader 
is referred to page 14 and to the following papers'*. Y. W. Jalandcr {J.S.CJ.y 
. 1911, 30, 1321); Falk and Sugiura {Analyst y 1914, 39, 553) ; {J.S.CJ.y 1915, 
34, 143); A. Blanchct {J.S.C.I., 1914, 3^, 428); G. Kita {J.S.CJ.y 1918, 37, 
312A); Sudborough, Watson and Vanna { J.S.C.I.y 1920, 39, 340A); A. W. 
Barton {J.S.C.I.y 1920, 39, 340A); Haley and hymzn {J.S.C. I. , 1922, 41, 
223A); Kita and Osumi {J.S.C.I.y 1924, 43, B182); Willstatter and Wald- 
shmidt-Leitz {J.S.CJ.y 1924, 43, B639). 
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Oil of Omphalea Megacarpa^ Herf^L-^The oil of Omphaha Megac^Urpa^ 
Hemel, has been described by Bolton and Hewer {Analyst^ 1917, 42, 35). 
These authors state that the seed consists of an inner yellow oily kernel 
which is coated with a pith-like skinf, Ae whole being loosely enclosed in 
a fairly thin, grey-ferown friable shell. They weigh about 20 grms. each 
and contaifhi’bout 50 per cent, of bil, the kernel, which contains about 65 
per cent, of oil,cbeing about 70 per cent, of the, '’seed. The oil is liquid at 
o;-dinary temperatures, of a pale straw-colour, without any f*ery pronounced 
tSste and having a slight but rfot linpleasant odour. The medicinal properties 
are very similar to those of castpr oil and as the dose is^ smaller, the taste 
not so unpleasant and the viscosity much less, it may .prove a valuable alter- 
native to this oil. Bolton arid Hewer report that the physiological properties 
are said to be inherent in the oil itself, and that they are not due to traces 
of impurity., 

‘ It is quite easy to distinguish this oil from castor oil as the characteristics 
are quite dissimilar — in particular the oil is optically inactive, not readily 
soluble in alcohol and its viscosity is jnuch less than that oi the lafter. The 
following characteristics were obseVved by Bolton and Hewer : . 


Saponification value 192*2 

. . . ^ 1*4648 

Iodine value 115*8 

Acid value 0*2 

Hnsaponifiable matter (per cent.) .... 0*49 

S.G. at 15''' 0*922 


Turkey Red Oils . — A large quantity of the lower grades of castor oil are 
used for the preparation of turkey red oils. These oils are used during 
the preparation of cotton-fibre which is about to be coloured \nith turkey red. 
The oils are produced by the action of concentrated sulphuric acid, the acid 
being run slowly into the oil with constant stirring, the temperature being 
kept below 35". The oil is diluted with a small quantity of water and washed 
with a solution of sodium sulphate until the product gives a clear solution 
\tith water. 

'fhe sulphonated oil (turkey red oil; other sulphonated oils are some- 
times used for the same purpose) is miscible with water in all proportions, 
the resulting solution lathering like a solution of soap. The sulphonated 
oil is thrown out of solution by the addition of common salt, mineral acids, 
sodium sulphate, etc. 

T’he amount of sulphonated acids present muy be determined by boiling 
W'ith dilute hydrochloric acid (i to 5) for 40 minutes with’ constant agitation 
after which the fatty layer is dissolved in ether, and the sulphuric acid in 
the aqueous layer precipitated and weighed as barium sulphateTR tltC" usual 
manner. The chemistry of turkey red o.ds is dealt w^ith by M, Tschilikin 
1915, 34, 723) and F. Erban {y.S.C.I.y 1916, 35, 127); their 
analysis by Richardson and Walton 1912, 31, 105); C. R. Oberfell 

(y.S.C.J.y 1913, 32, 37; I9H, 33, 41, 266) ; W. ¥al\non{y.S.C.Ly 1913, 32, 
1118); W. Herbig (J.^V.C./., 1914, 33, 602; 1922, 41, 22A); Goldberg 
and Zipper {y.S.C.I.y 19x7, 36, 1184); N. Wei wart (J.<S\C./., 1920, 39, 727A); 
German manufacturers (J-‘8\C./., 1921, 40, 55 lA) ; J. F. L. Reiidler (y.S.C.L 
1921, 40, 593A) ; Anonymous (Analysiy 1921, 46, 339). 

The analysis of sulphonated oils is dealt with by H. van der Waerden 
(y.s.c.Ly 1925, 44, B290). 
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CHAPj[,Moi)GRA Oil 

The chaulmoogra oil of the is required to be derived from the 
seeds of Taraktogeiws kurziiy Kind.. For a time there was considerable 
confusion as to the source of the oil and many obserrers considered that 
it was derived from Gynocardia odoratum The, first systematic examinations 
of the question were und^taken by Power and BarrowclifFe (y.C.’iS., 1905, 
87, 896) and h\ Power ami Gornall 1904, 85, ^8), who showed 

that the two 011s are really quite dissimihY ajjd that thefcue chaulmoo^a 
oil is derived, as stated before, from Tmaktogenos kurzii. This latter plant, 
being uncertain ill growth, has been supplanted to a certain extent by the 
oil ixom*Hyd 7 wcairpus zuighliana, which is kno\\n as “ kavatel ” oil (Francis, 
y.S.C.L^ 33, 1097), and other oils of the Hydnocarpus species, some 
of which, as slated by Perkins and Cniz (A?/a/ys/, 1924, 49, 236), may be 
as ^effective or possibly more effective in the treatment of leprosy tjjian 
chaulmoogra oil. The seeds of the various species are found in Indo-China, , 
Assanf, Ceylon and also in the Philippine Islands* and various parts of the 
West "Indies. Perkins and Cruz (loc.^cit^ point out that it is easy to dis- 
tinguish Gynocardia seeds from the others since the radicle of the former 
is lateral whilst those of both Taraklogcnos and Hydnocarpus are terminal. 

The oils are all more or less similar in appearance, being of a soft buttery 
consistency and slightly yellow in colour. I'hcir most striking property 
is the high optical activity which is, however, not sliared by the oil from 
Gynocardia odorata, which is optically inactive. Perkins and Cruz found 
great similarity between the oil of Taraklogcnos hurzii and all the Hydnocarpus 
oils with the exception of H, akalce which was found to contain a large 
amount of chaulinoogric acid and little or no hydnocarpic acid. 

The composition of the oils has been investigated by several workers; 
the following table due to Perkins and Cruz (he. cit.) contains practically 
the whole of the information which has at present been obtained: 


T!Ible CCLX VI .—Composition of Chaulmoogra Oils (Pfrkins and Cruz) 






Fatty 

Fntty Acids 

Species. 

1 Chaiilraoognc 
Acid j 

liydno- 
carpic Acid. 

Other Constitiicnls. 

1 

Acids 

M.l't. 

Specific 

Rotary 



1 

1 

1 


1 ’ower. 

Gynocardia odor ai ay 

None 

, None ; 

Cynocardin, linolicj 

1 None 

(pressed qil) 


• 

palmitic, linnlcnic 
oleic 

i 


Hydnocarpus alcake 

1 Approx. 90/4 None (?) 

j Palnntic, oleic 

! 59 

j ■ ■ 

+ 5.3-65 

Hydnocarpus alpina 

Indicated 

dndicalcd 

i ^ ’ 

p Hydnocarpus antheU 

Present 

Present 

iGlucoside, oleic, 

' 42’43 

+ 53-6 

! 



f 

I palmitic 

oil) 



i • ; 



Hydnocarpus vener- 

• 

1 * 

1 (j Incoside i 

43 

! + 6 o-^ 

ata (pressed oil) 





Hydnocarpus wighti- 



1 Unknown unsaUir- 

I 4 i -44 

4 - 60-4 

ana (pressed oil) 



1 ated acid ' i 


Oncoba echinata 

84-5 . ; 


! No palmitic, liquid I 


+ 52*5 

(extracted oil) 

Indicated 

acids, 12^' 


Pangium edule . . 

* Indicated 

Unsap, I'S/'.gyno- 

! 18 

-r 3 -49 




Cardin, jialmitic 

1 

(4-72) 

Tarakiogmos kiirzii 

Present 

Present 

Glucosidc, palmitic 

1 44“45 

1 

+ 52-6 

(pressed oil) 


« 

acid 
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A large number of observations have^been ma4e on the various types of 
oils which have been collected into one 4able by Perkins and Cruz, which 
table is reproduced below : 


TAhL^ CCLXVII.— CuARACfERiSTics OF Ghaulmoogra Oils 
. (Perkins and Cruz)^ 


Species. 

“ 

Yield 1 ' *■ 

of Oil ! Specific , 

from 1 Gravity. 

Seeds . 

1 

Itefrac. 

Index. 

M.Pt. 

®C. 

Specific 

Rot. 

Power. 

J. 

Iodine 

value. 

Sap. . 
Value. 

Acid 

Value. 


‘>0 





rag: KOH 

mg. KOI 

Gynocardia odorata 

19-5 0-925 at 


20 

nil. 

iS2'8 

197-0 

4*9 

(pressed' oil) 

■ 25° 


1 

! 





Hydnocarpus alcalce . 

40-8 o'-9502 at 

1*4770 

1 32 

+49-6 

93*1 

i8&*9 

21*8 


' 30" . 

** 

1 





Hydnocarpus alpina 

o-iSqR at 

1*4709 

1 22- 

+ 49-5 

84 

207 

0 - 3 S 


1 100° 

at 40'’ 

26 





Hydnocarpus anthelmin- 

1 6 *3 0*953 at 

1-475 

24- 

+ 52-5 

86*4 

212*0 

7 -S 

thica (pressed oil) 

! 25° 


25 





Hydnocarpus vencrata 

23-3 0 ' 9^75 

1*4770 

19- 

+ 52-0 

99*1 

200*3 

24-7 

(pressed oil) 

1 30° 

at 30° 

20 





Hydnocarpus wightiana 

32-4 0-958 at 


22- 

+ S 77 

101*3 

207*0 

3 - 8 - 

(pressed oil) 

; 25" 


23 





Omaha echinata 

47 ' 0-898 1 


35 - 

+ 48-8 

997 

192*4 

4-5 

(extracted oil) 

; 100715-5" 

i i 

45 





Pangium edule . 

6-1 j 0*9049 

i 


+ 4-28 

113*1 

190*3 

2-9 


' (0-9092) 

1*4665 ! 

2 

{20-65) 




Tarakiogenos kurzii 

30-9 ' 0-951 at 

1*476 

22- 

+ 52-0 

103**2 

213*0 

l^3-9 

(pressed oil) 

1 

1 

j 

23 






Perkins and Cruz have themselves investigated the characteristics of a 
number of oils of various species as well as those of a number of commercial 
oils— these are given in Table CCLXVUI. 

Lifschutz [Analyst, 1922, 47, 125) describes a colour reaction which is 
produced when 4 to 5 drops of strong sulphuric acid arc added to a solution 
of I drop of the oil in 0-5 c.c. of chloroform and 1*5 c.c. of glacial acetic acid. 
An intense grass-green colouration is produced whilst the solution is red- 
violet by transmitted light aiid has a characteristic spectri|m< He states that 
freshly prepared oil does not give the reaction, but that it does after oxidation 
with benzoyl peroxide. 

Dean and Wrcnshall [AnClysi, 1921, 46, 52; J.S.CJ., 1925, 44, B928) 
have shown that it is not possible to separate chaulmoogric and hydnocarpic 
acids by fractional precipitation or crystallisation. They further found 
ethyl alcoholysis to be less satisfactory than direct distillation which was 
adopted, followed by recrystallisation from 80 per cent, alcohol for chaul- 
moogric acid and petroleum spirit for hydnocarpic acid. Full details of 
the separation are given. (Cf. also T. Hashimoto, J. 5 .C. 7 ., 1925, 44, B889.) 

As already pointed out, the optical activity js the most striking feature of 
the fat (see Cardamom fat, page 410) and this will naturally be the main test 
on which reliance will be placed. The B.P, has the following requirements 
for the oil : 
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A brownish-yellow, oil or soft fat. Characteristic odour; taste some- 
what acrid. Melting-point about 22 to 30. Specific gravity at 45 about 
0^940; saponification value 198 to 213; iodine value 96 to 104; acid value 
21 to 27. Soluble in ether, in chfoi|)form, and in carjjon disulphide; par- 
tially soluble in cold alcohol (90 per cjnt.); almost entirely soluble in hot 
alcohol {90 per cent,).” * 


Table 4 CLXVIII. — Characteristics of Chauli^ogra Qils • 
(PfJIKINS AND*CRfjz) • 


• 

Sample, 

• 

Sp. Gr 
3o^C_ 
30° C. 

Kcfrac. 

Index 

30 , 

Free/. 

Point. 

®C. 

Rol. 
100 mir 

307 ,.- 

Yw 

Manns. 

j Sap. 

1 Val. 

Acid as 
X Oleic 

• 

Fatty 
Acids 
Free 2,. 
i’oint 

'C. 

_i 

Fatty 
Acid Spec. 
Rotatory 
I’ower. 

Gynocardial>dorata . 

6-929 

1*4743 

4 

4-0 

• 

160 

198 

2*7 

20 

• 

+ 0 

Hydnocarpus alSalce 
C 

0*948 

1-4763 

24 

* • 

4-48-3 

94*0 

202 

6*7 

55 

+ 40 

Hydnocarpus anthel- 
minthica . 

0-J52 

1-463 

ib 

4 - 44-2 

00 

1 

j 201 

3*6 

36 

+ 50 

Hydnocarpus kutchin- 
sonii . . . . 

0*943 

1*4743 

23 

+ 44 

QC 

i*i 99 

5*3 

43 

+ 50 

Hydnocarpus subfal- 








4-36 

cata A . , 

0*951 

1-4761 

21 

+49-1 

89*0 

1 206 

6*6 

41 

B . . 

0-956 

1*4770 

15 

4 51*6 

91*5 

205 

6*2 

34 

-f-ss 

Hydnocarpus 
venerata . , . 

0*947 

1-4769 

20 

4-46-4 

90*7 

191 

1*2 

47 

4-49 

Hydnocarpus 
wightiana A . 4 

0*947 

1-4763 

II 

+ 51*2 

97-0 

207 

6*7 

40 

+ 54 

• B . . 

0*950 

1-4772 

13 

1-50-1 

99*1 

204 

6*3 

39 

+ 54 

C . . 

0*948 

1-4769 

II 

+51-4 

lOI 

204 

15*1 

35 

+ 5 b 

Hydnocarpus woodii , 

1-473 

18 

^ 45-9 

68-5 

192 

5-9 

43 

+ 53 

Pangium edtile, B : 










Fresh 

0*925 

1-472 

7 

-1- 16-9 

7S-5 

200 

6*9 

18 

+ 17 

Rancid . . 


1-467 

4 

4-2-8 

7 . 5-0 

181 

21 

17 

+ 2 

Taraktogenos kurzii: 

A . •. 

0*951 

1-4771 

9 

4-43-5 

104 ! 

215 

3*4 

32 

+ 43 

. B . . 

0*948 

1-4769 

9 

+ 4 S-I 

105 

199 

14*8 

3 ^^ 

+ 50 

C . . 

0*948 

‘• 47 ''S 

H 

-1-51-2 

102 

203 

18*8 

39 

+ 58 

D. . 

0*946 

1-4756 

20 

-1-47-9, 

\95 ! 

203 

5-5 

32 

+ 52 

E . 

0*946 

1-4753^ 

20 

-647-Si 

95 ‘ ' 

204 

4-5 

28 

+ 5 ^ 

F . . 

0*947 

1-4763 

1-4764'! 

10 ! 

-1-46-71 

104 j 

197 

13*0 

21 

+ 51 

" G. 

0*948 

8 14-46*2 

.97 i 

203 1 

22*6 

28 

+ 5 ^ 

H. 

0*951 

1-4767 1 

,9 

+ !S- 9 i 

102 1 

i()k I 

13*8 

29 

4 49 

I . .1 

0*949 

*1*4762 ; 

18 

446-3' 

96 1 

187 1 

14*9 

22 

+ 4^8 

K. .1 

0*952 

1-4770 1 

» 5 

+ 45-7 

105 i 

204 

14*6 

26 

+ 47 

L . .1 

0-948 

1-4768 j 

5 

-445-1^ 

T04 1 

205 

12*6 

23 

+ 48 

M. .| 

I 

0-950 

1-4762 ; 

7 

4-44-9 

102 ; 

204 1 

15-5 

24 

+ 4^ 


For further^ particulars tlic following authors may he consulted: P. 

Chattopadhyay 34 » 1102); F. 13 , Power {J.S.C.L, 1915, 

34,' 1214) who criticises the contentions of the 

and Flier {J.S.C.I.y 1916, 35, 366); Brill and Williamg^.Tnalystj 191^^ 43 » 
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139); V. Cofman {Analyst^ 1919, 44« 37^*); G. A.. Perkins { y , S , CJ.f 1932, 
41, 996A); S. Keimatsu {Analyst^ 1921; 46, 52); A. Marcan {Analyst^ 
1924, 49, 88); O. Shobl {Analyst^ 1924, 49, 241; cf. J,S,C,Ly 1924, 43, 
B995). Cf. Hydnoc^rpus anthelminticd (j.S.CJ,y 1918, 37, i66A); Hydno- 
carpus mgktiana (J.S.C.L, IQ14, 33, 1097; 1923, 42, 562A); Hydnocarpus 
alpims (y.S.0.1., 1913, 32, ^). 

Croton Oil 

* ' ‘ « 

Croton oil is obtained from the seeds of Croton tiglium, a plant which is 
cultivated in the Far East. The colour varies from a li^ht tif a reddish brown, 
the oil is viscid and slightly fli^orescent. The oil has a very unpleasaiit odour, 
an acrid burning taste and blisters the skin and mucous membrane. It 
acts as a very powerful purgative, the dose being about 0*05 c.c., biit these 
prqperties disappear on hydrogenation. 

The oil has been examined by various observers as Dunstan and Boole 
{J.S,C.L, 1895, 985)! Dulierc {ihid.^ 1899, 18, 1133), and Lewkofjvitsch 

{Analyst^ 1899, 24, 319). n * * 

Croton oil is miscible with half its volume of alcohol, but on the addition 
of more alcohol separation into two layers takes place; it is completely 
soluble in petroleum ether (cf. castor oil). The oil is strongly dextro-rotatory 
and contains notable proportions of volatile fatty acids. ' For a colour test, 
cf. Comte, Analyst, 1916, 41, 275. The following are the usual variations 
in the characteristics : 


Specific gravity 15^/15 
Saponification value 
Iodine value 
Reichert value . 
Polenske value 


Titre^C, . 


0-937-0-9S0* 

200-215 

102-108 

12*0-13*6 

l*2t 

1*4700-1*4730 

19 


The B.P. states that the oil should thicken slightly but not solidify, 
either completely or partially, when vigorously shaken with half its volume 
of fuming nitric acid and the same proportion of water showing that other 
non-drying oils are absent. 

CuRCAS Oil 


Curcas oil (also knoAvn as purging-nut oil or physic-nut oil) is obtnined 
from the seeds of the purging-nut {jatr(pha curcas), which is cultivated 
in various parts of Central Aiwierica but foi the tnost part in the Cape Verde 
and Comoro Islands. The seeds weigh aboift 0-5 grm.' each and consist 
of about two-thirds kernel of which about 50 per cent, is oil {JS.C.L, 1918. 
37. 63A). , , 

According to C. Grimrne (ihid.t, 1921, 40, 778A) the oil consists of the 
glycerides of palmitic, myristic and curcinoleic acid, the latter being a hydroxy 
acid analogous to ricinoleic acid. The seeds contain a highly poisonous 
substance, curcin. The oil has powerful purgative properties which are 
considerably greater than those of castor oil; it may also act as an emetic. 
The oil has quite marked drying px”operties {Analyst, 1922, 47, 125) and is, 
therefore, not suitable as a substitute for cast©** oil for lubrication purposes 
neither has it the viscosity of this latter oil. The toxic properties of the oil 
have been dealt with by J. Felke {J,S.C.l., 1914, 33, 651). - 


* B.P., t Elsdon and Hawley (Y.B.P,, 1913 , 573)' 
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The following characteristics hnve been observed for this oil : 


Table CCLXIX. — Characteris tics of Curcas Oil 


\ 

2 LewkowitsA. 

Grimme. ^ 

• ^ Imperial 
Institu te. 

% 

Specific gravity . 

o-9i9-i-92ft 

o-gii 

0-91^ 

Melting-point °C. .... 

-A 

-5 to -6 

. . 

......... 

1 -4636 

1 *4618 

. . 

Saponification value .... 

193-2 

189-2 

191-6 

Iodine value 

98-105 

98-8 

98-7 

Reichert value 

0*6 

0-7 

0-4 

* Acetyl value 

8 - 4 - 9-8 

8-9 

25 •4* 

Acid ^alue 

o-^8*5 i 

• 3*2 

4-5 

Titre.'C. . . • 

58-6 i 


28-7 

UnsaponiJiable matter . 

o-f-o-6 

0-7 

* • 


1 Gold Coast seed. ^ a.J.SL\]., 1893, 12, 453, 93‘>. L. Archbutt, 
1898, 17: loio. 


The seeds of J. mahafaknsis have been examined by H. Bimar (J.S.C.L, 
1912, 31, 1040). The seeds contain about 75 per cent, of kernels which 
contain 60 per cent, of oil and which yield 44-5 per cent, of oil on expression. 
The properties were similar to those of curcas oil and the following char- 
acteristics were determined : 


Specific gravity 15^715'^ . . . . 0 921 

Titrc test X. * . 21 

Saponification value 194 

Iodine value 1 1 1 *8 

Acid value i 7 ’^ 

Acetvl value 

' ^ 1-4575 



' CHAPTEfR XXX 

ROSIN AND ROSIN o/lS 

* 

Rosin or colophony is the solid residue left when turpentine is distilled 
for the preparation of oil of turpefttine — the latter being the ordinary “ tur- 
pentine or “ turps ” of con?merce.. It has specific gravity 1-070 to i*o8o, 
acid value 150 to 180, and saponification value somewhat higher than the 
acid value. fCf. C. Liideckc, 1914, 33, 302.) It consists therefore 

forcthe most part of organic acids resin acids which fact may be m^de 
use of for its determination under certain circumstances. It should be almost 
entirely soluble in petroleum ether and in industrial methyloted spirit^. 

When rosin is subjected to dcs'ruLtive distillation rosin spirit und' rosin 
oil are produced. Rosin spirit (light rosin oil) consists of tKe fractions 
boiling between 150° and 200° and has specific gravity about o-88o — it 
consists largely of mixtures of various types of hydrocarbons. 

Rosin oil (heavy rosin oil) has a specific gravity of fi'om 0-97 to i-oo. 
Refined oils do not usually exceed 0-99, but certain samples have been known 
to have a gravity greater than i-o. The oil is strongly dextro-rotatory, 
having [a],*" rr. -1-30° to + 60°. The oil has a remarkably high index of re- 
fraction, Wj/°-i-525~i-545, whereas mineral oils have figures usually much 
lower than this, e.g., i -470“-! *485. Highly refined oils are usually free 
from acidity and have little or no saponification value. The iodine value 
of crude oils is mostly over 100, but in refined oils is about 40 to 50. Rosin 
oils have a distinct tendency to dry which is increased by the presence of driers. 

The Determination of Rosin Acids in Fatty Acids , — The most suitable^ 
method for the determination of rosin acids in fatty acids is that of Twitchell 
{J,S,C.I., 1891, 10, 804) which depends upon the fact that the former do 
not combine with ethyl alcohol to form esters as do the latter when treated 
with an alcoholic solution of hydrochloric acid; the residual rosin acids, 
after removal of the hydrochloric acid, being determined by titration with 
sodium hydroxide to phenol})hthalcin. 7'be method may be carried out 
cither volumetrically or gravimclrically, the former method being probably 
more accurate, but usually giving results a little too high, whilst the Jjitter 
are often low. The methods may be carried out in the followmig way as 
suggested by C. A. Mitchell ^ 

Gravimetric Method. — I;rom 2 to 3 grins, cf the mixture of fatty acids 
and rosin are dissolved in 10 times their volume of absolute alcohol in a flask, 
and dry hydrochloric acid gas introduced in a moderate streawi. The 
is set in a vessel with ^vater ti keep it cool. The acid is rapidly absorbed, 
and, after about 45 minutes, the esters Separate, floating in the solution, 
and no more hydrochloric acid is absorbed. The current of gas is now 
stopped, and the flask allowed to stand for half an hour to complete the 
reaction. The liquid is diluted with about 5 times its volume of water and 
boiled until the acid solution is clcgr, the esters, with rosin in solution, float- 
ing on the top. To this is added some petroleum spirit, and the whole 
transferred to a separating funnel, the flask being washed out ‘with petroleum 
spirit. The acid solution is then run off, and the petroleum spirit solution 
♦n measure about 50 c.c.) washed once with water and then 
shaken in a funnel » a solution of 0-5 grm. of potassium hydroxide and 
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5 c.c. of alcohol in 50 c.c. of wapter. The rosin is immediately saponified 
and the two layers completely separated. The solution of rosin soap can 
be run off, treated with acid, the rosin collected in any manner desired, 
dried, and weighed. A second washing of the soap with petroleum spirit 
is hardly necessary, as ve^ little remai’;is after, the first extraction. 

Volumetric Method,-^ht first stages of the volumetrft method are 
similar to the gravimetric^ with the exception that the coifients of, the flask 
are washed into the separating funnel with^etl3er instead >f petroleum spi^t, 
and the ethereal solution in the funnel is then thoroughly washed with water 
until the wash- Abater is no longer acid>; 50 c.c. of alcohol, previously 
neutralised, are then ’added and the solution titrated with standard sodium 
hydroxide solution with phenolphthalein as indicator. 

Twitchell (loc, cii.) and Lewkowitsch (J.S.CJ.y 1893, 12, 504) both found 
th^t I c.c. of N/i NaOH is equivalent to about 0*346 grm.^of rosin, ^but 
Mitchell finds lhat occasionally considerable divergencies from this may , 
take dlace. «• 

W. Fjihrion {ibid.y 1911, 30, 12667 h?3 proposed the following modifica- 
tion : The rosin and free fatty acids existing in the fat are extracted by 
dissolving 5 grms. of the fat in a mixture of 50 c.c, of petroleum spirit and 
20 c.c. of 90 per cent, alcohol , adding N/i alkali in presence of phenolphthalein 
until a red colour*is obtained, and diluting with water until the alcohol is of 
60 per cent, strength. The soap solution is treated iVith i c.c. of N/i alkali 
and the alcohol evaporated on a water-bath. The mixed rosin and fatty 
acids are obtained by acidifying and shaking out with ether in the usual 
way. Esterification is carried out by treating the mixed acids with 20 c.c. 
of absolute alcohol and shaking the solution vigorously with 20 c.c. of petro- 
leum spirit and i c.c. of concentrated hydrochloric acid. Should a separa- 
tion occur, absolute alcohol is added until a homogeneous liquid is obtained. 
Esterification j^ecomes complete by allowing the solution to stand overnight, 
|When phenolphthalein and N/i alkali are added until a red colour is just 
obtained. The solution is diluted with water till the alcohol is of 60 per cent, 
strength and from the alcoholic solution of rosin soap the rosin acids are 
obtained as in the original method. 

Leiste and Stiepel (//?/>/,, 1914, 33, 1099) detect rosin in soap or fat by 
dissolving in alcohol, neutralising with alcoholic soda and evaporating the 
solution with freshly ignited sand. The rosin may be extracted from the 
residue with acetone containing 2* per cent, of water. 

^olff and Scholze (Analyst^ 39^ 228) state that they found that 

their method, given below, gave better results than those of either Twitchell 
or Fahrion : * • 

From 2 to 5 g^ms. of mixture of fatt^ and rosin acids are dissolved 
in 10 to 20 c.c. of absolute methyl alcohol, and the solution treated with 
y 10 c.c. ^f a solution of»i part of sulphuric acid in 4 parts of methyl 
alcohol, and boiled for two minutes ui^ler a' reflux condenser. The liquid 
is then mixed with 5*to 10 tiims its volume of 7 to 10 per cent, sodium ^ 
chloride solution, and the fatty acid esters and rosin acids extracted with 
ether, or a mixture of ether *and petroleum spirit. The united extracts 
are washed with dilute sodium chloride solution, alcohol added, and the 
mixture titrated with N/2 alcoholic potassium hydroxide solution. A mean 
acid value of 160 is taken for the rosin acids, and a correction of i *5 per cent, 
allowed for f^ftty acids that have escaped esterification. The percentage 
of rosin acids is then obtained by the formula 
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where a represents the number of c.c.‘of potassium hydroxide solution, 
and m the weight of the mixture taken.* The result multiplied by 1*07 
gives approximately the amount of rosin. 

None of the abc^ve methods will gjve accurate results, but any one will 
give practical information.! The , inexperienced worker should always 
compare the Results obtained from an unknown s^nple with others of known 
composition examined under identical conditions. (Cf.^ R. Jungkunz, 
1925, 4^ B556; G, de^Belsunce, ihid., page B929; J. Davidsohn, 
Analyst, 1925, 50, 356.) 

Rosin may be detected by means of the Liebermanup-Storch test, de- 
scribed on page 79 ; it shoiijd not be overlooked that^ the same reaction is 
given by cholesterol. 

For the metal content of some metallic rosinates see L. G. Radcliffe 
19.5, 34, 644). 



CHAPTER XXXI 

t • * 

HYDROGENATED OILS 

The Recognition of Hydrogenated Oils. — Thc^ rccognitiofi of hydrogenaffed 
oils as a class is mot always easy when they are present in admixture with 
other fats. The recognition of the particular source of the hydrogenated 
product is frequently impossible for tKc sirnpfc reason that there are little, 
if any, differences in the composition of such fats from various sources after 
th^ process of hydrogenation has been continued past a certaig stage. 

When the use of such oils first became general the most useful method 
of drfection wa^ that which depended upon the* recognition of the small * 
amounts ©f nickel which remained ir# tl^ oil on completion of the process. 
This may be carried out in the following manner due to F. W. Atack (Analyst, 

The nickel may be separated from the fat either by igniting or by extract- 
ing the oil with boiling hydrochloric acid, evaporating the acid liquid and 
igniting. • As the amounts of nickel present are usualfy very small it is desir- 
able to take as much fat as possible quantities of 100 grins, or so being quite 
suitable. The residue obtained by either of these processes is treated with 
dilute hydrochloric acid and then a drop of nitric acid and the solution eva- 
porated until almost dry. Excess of ammonia is then added and afterwards 
a O’Oa per cent, solution of a-benzildioxime in alcohol when in the presence 
of traces of nickel a rose-red colour is produced. The amount of nickel 
found varies Jrom o*ooooi to o-ooi grms, per 100 grms. of oil, but it is not 
^infrequently absent altogether. 

The use of a-bcnzildioxirnc in this manner is to be preferred to that of 
dimethylglyoxime which w'as suggested by Bdmer and Leschly-Hansen 
(Chem. Rev. Fett. hid., 1912, 19, 218, 247) in that the latter has been found 
by F. Prall (J.S.C.!., 1915, 34, 237) to give a somewhat similar reaction with 
certain pure untreated oils unless the organic matter was removed by ignition 
whilst it is at the same time somewdiat less delicate than the former. On 
account of ihe possible uncertain results given by these organic reagents 
A. Knapp (Analyst, 1913, 38, i(fz) prefers to dissolve the residue after 
treatment with hydrochloric acid in one drop of water and test with one drop 
of ammonium sulphide solution ‘on a white tile. 

Tortelli and Jaffe (J.S\.L, 1914, 33, rS6i) obtained a yellowish-pink 
colour changing quickly to green with hydrogenated marine animal oils by 
dissolving 5^.c. of the molt«n fat in 10 c.c. of chlorofona. adding i c.c. of 
glacial acetic acid 'and then shaking wit^ 2-5 ^',c. of a 10 per cent, solution of 
bromine in chlorofiirm. Thisi test is reported upon unfavourably by 
J. Davidsohn (ibid., 1916, 35, 186) but M. 1 sujimoto (ibid., page 262) states 
that most marine animal oils Mien fresh give the reaction, although it fails 
frequently when the oils are old; hydrogenated fish oils give indistinct 
colourations, whilst vegetable oils and terrestrial animal oils do not give 
any reaction at all. 

There haVt been many Suggestions for the detection of hydrogenated oils 
by means of tjjose glycerides which are less soluble in ether or in some other 
oi*ganic solvent (see page 5). These tests are really methods for the isola- 
tion of glycerides containing stearic and other solid \"ci: ] . LcimSofifer; 

/ • 46U 
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ibid.y 1914, 33, 206) 80 that they will not of necessity differentiate between 
hydrogenated liquid oils and tallow, particularly in mixtures (cf. A,OA.C., 
Analyst, 192J, 48, 225; K. Amberger, J.S.CJ., 1916, 35, 1077) except in 
those cases where the ordinary characteristics convey the information of 
themselves. Norman and ffugel dej^nd upon tjie isolation of arachidic 
acid {ibidi, 19^7, 36, 658) by crystallising the fairy acids from alcohol the 
relative proportions of stearic and arachidic acids <6eing determined from the 
neutralisation valqe of the isolated product. A. Grun (wtd., 1919, 38* 
729 A) suggests that the methocf of alcoholysis (page 51) might assist, but 
this is not suitable for routine wq^rk, although in cases of^great importance 
it might be of help. 



Fig. i<». 

' [lyy ptrmisswfi o/WiUiavts Bolton and The Analyst 

The unsaponihablc matter has been suggested as a possible method of 
attack (cf. whale oil, page 448), but the most useful method ^ould appeal 
to be that based upon the fact that hydrogenated fats do hot show the same 
relationship between their chemical and physical properties as do natural 
fats (cf. T. Arentz, iqzo, 39, 304A). This is brought about by 

the fact that during the process of hydrogenation certain isomers of oleic acid 
are apparently formed the properties of which are quite different from natural 
oleic acid and from most of the unsaturated fatty acids (erucic acid is some- 
W'hat of an exception). These new acids have been termed by Myddleton 
and Barry Natural and Synthetic. London 1924). “ New acids of 

hydrogenation “ and by other observers “ iso-oleic acid. This new iso- 
, f.lmr jfl however , be carefully distinguished from the substance 
previously knovvnTy^i^^at name. 

\. 
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This new isomer or mixtures of isomers (their constitution is fully dis- 
cussed by C. W. Moore, J,S,C.L\ 1919, 38* 320T) of oleic acid is isolated 
along with the solid acids in all the usual methods for separating solid and 
liquid acids so that in those cases ^here the solid acids have a high iodine 
value and rape oil is absei^ hydrogensree^ fats n|ay be deduced. 

The process has been \wrked out by Williams and Bolton pinalysty 1924, 
49, 460) who separate the Jlolid acids either by the lead-s^ t-ether ^method 
of Gusserow-Varrentrapp (page 45) or by jthe lead-salt-^cohol method ©f 
Twitchell, Analyst^ 1921, 46, 466, page 46. 'Ae following abstract of tlSs 
paper shows how fhe results are to be intenpreted. 

If theT)il contains no hydrogenated oil the iodine value of the solid fraction 
will be not greater than 5 units (due to* incomplete removal of unsaturated 
liquid acids in washing). If hydrogenated fat be present to any extent, this 
iodine value will be higher owing to the presence of iso-oleic acici^ the content 
of which is calculated from this iodine value. ' 

Allowing 5 u»its of iodine value in the solid frablion due to incomplete 
washing, the proportion of iso-oleic acW ip the total fatty acids from the oil 
is given by Ihe expression 

Percentage of iso-oleic acid ~ x S x ~ -- • 

^ ^ 100 90 

Where ^ —percentage of solid fraction o])tained, and l=^--its iodine value. 

The liquid fraction in each case contains the unsaponifiable matter of 
the fat. In a complete determination of the ( omposition of the fatty acids 
this would have to be estimated and an allowance made for its effect on the 
iodine value of this fraction.* The solid fraction will be free from unsaponi- 
fiable matter and if only the proportion of iso-oleic acid is to be estimated, 
no correction is necessary. 

Most comnicrcial hydrogenated oils used in edible products have iodine 
falues lying between 50 and 70 units and contain from 30 per cent, to 35 
per cent, of iso-oleic acid, from which figures the approximate proportion of 
hydrogenated oil in the mixture may be deduced. 

A dra.stic change in the composition of hydrogenated oils has recently 
resulted from a modification of the methods emf)Ioycd, by the introduction 
of a continuous process, whereby a flow of oil passes through a relatively 
large mass of catalyst. The proc(i6S can be operated so as to produce 

{a) the normal proportion of is<*-oleic acid in the product; or {h) a 

reduced amount. 

It will be obvious that the confrol of the pi^oportion of iso-oleic acid on a 
commercial scale ^nilitatcs against the accariTc}^ of the deductions made 
from the process the use of which the authors have suggested, with the result 
in cases ^here the method of hydrogenation tinj)lQyed is unknown, 
the proportion of hydrogenated oil ma|' he •largely over-estimated. The 
value of the process ftw the actiftl detection of liydn^genated oil remains, 
however, unaltered. 

The curve showm in the figurJ has been prepared by Williams and Bolton 
{loc. cit). It shows what may be taken as average 'proportions of the various 
fatty acids contained in samples of hydrogenated oils of varying iodine values 
and from varying sources. 

Characterhffcs of Hydrogenated Oils . — The properties of many of the 
hydrogenated oils have been given in the monographs on the original oils. 

* Such determinations are described in full in Fats : 

Myddlelon and Barry, p. 114. 

r 
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Further figures are given here on a number of commercial and other samples 
which have been examined from time to time. 

The main indications showing to what stage the hydrogenation has been 
carried are the meljing-point and the iodine value, there being quite a close 
relationship between these t\yo figure?. In geneml, hydrogenation has little 
effect on the ''Saponification value, but progressively lowers the iodine value 
and the^ refractive index, whilst the melting-poiitt is raised. ^ 

• Bomer and Lfschly- Hansen /J.iS.C./., 1912, 31, 996) give the following 
typical results for hydrogenated oils from the sources named. These and 
the following figures must be teken merely as typical examples of useful 
^>roducts likely to be met with in commerce and are in no way indicative of 
the source from which they are obtained. 

TABHIi: CCLXX. — CnAR.ACTERISTICS OF HYDROGENATED OlLS 


Original Oil. 

°C. 

Sol. pt. 


Acid 

Value. 

• 

Sapon. 

Valye*^ 

Codine 

Value. 

Arachis .... 

51-2 

1 

3^>*5 

' 1-4594 



i-o 

GO 

CO 

47-4 

Sesam6 .... 

47*8 i 

! 33*4 

I -4603 

0-5' 

190*6 

54-8 

Cotton-seed . . .* 

38-5 

: 25-4 

1-4618 

0*6 

195*7 

69-7 

Whale .... 

45*1 

33*9 

1-4587 

1*2 

192*3 

45-2 

Coconut . . . . ! 

44*5 

277 

1-4494 

0*4 

254*1 

1*0 

1 


E. Mellana (J.S.C.I.y 19 14^ 33, 701) has published the following figures 
including three for the commercial products “ Talgol,*’ “ Candelite and 
“ Coryphol.” 4 

f 

Table CCLXXl. — Characteristics of Hydrogenated Oils 



M.Pt. 

M.l t. ol 
Fatty 
Acids. 

Sol. I’t. 
ot Fatt^^ 
Acids. °C. 

Sap. 

\'aluc. 

Iodine 

Value. 

Acetyl 

Value. 

„60. 

Hydrogenated : 
Cotton-seed oil 

59 

- 

57 

’ 

* 50*3 

192*3 

41 


• • * 

Soya-bean oil . 

68 

66 

6 1 *2 

1 90 9 

15*2 


Kapok-seed oil 

! 55 . 

53 i 

48* 

191 

33 


1-4537 

Whale oil . . . 

52 -p 1 

i 49 i 

44 ! 

j, 169-6 

3^-8 


1-45^7 

Sperm oil . 

50 { 

48 

39 

1.51-7 

17-3 


I -4445 

Talgol 

43 

41 

357 

190*2 

61-3 1 

14 

. 

Candelite .... 

55 

* 54 r 

' 50*4 

191 

■4 

. , 


Coryphol .... 

81 

75 

j 

; 68. 

i 

? 

i8o*5. 

! 

i8-5 

125 



Sudborough, Watson and Athawale {J.S.C.Ly 1923, 42, 103 A) state 
that for hardened colton-seed, linseed, arachis, mohua, sesame and sardine 
oils the relationship between the 'iodine value and the refractive index is 
independent of the time and of the type of ca\alyst used and is very similar 
for the various oils. It may be represented with an accuracy of about 0*0005 
bv 

+ 1 *03 xio“*(I.V.)4 7-.^ xio“®(I.V.)“ 
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the figure 1-4468 being the refraotive index of the oils when completely 
hardened. Hardened coconut o\\€{vide supra) have a much lower refractive 
index than other oils having the same iodine value. The following glycerides 
were isolated in a pure state from hardened castor oil. Trihydroxystearin, 
MJPt. 89-4°; stearodihydroxystearin/ 7^5°; disfearohydroxystearin, 

MPt.69-5°C. ^ ^ • 

The charactipristics and% composition of the natural oils after .varying 
degrees of hydrogenation have been studied at length .by Myddieton artd 
Barry and published by these authors in th^ir work Fats : Natural and 
Synthetic; reference should be made to Uiis for complete information on 
the subj^t. Their curves for variation between the iodine value and the 
melting-point and refractive index resp&tively for hydrogenated linseed oil 
are here reproduced . Their Figs . 1 1 (<2) and n (^). I’he following table, due 
als(^ to these aiuhors, compares the melting-points of certain^ natural and 
synthetic fats having the same iodine value. * * 

• 

Table •QGLXXIL— Comparison Of Melting-Points of Natural 
AND Hydrogenated Fats (Myddleton and Barry) 


Fat 

• 

“'i ■ ■ ■ 

lochne Value. 

Mcltinf’-point. 

Ellis' Melting- 
point. °C. 

Lard 

Hardened linseed oil ... 

,, cotton seed 

,, whale oil . 

58-6 

58-6 

58-6 

58-6 

47-40 

49 

41-6 

39* 

46 

Beef tallow .• 

35-8 

43-44 


Hardened linseed .... 

35-8 

57 


,, cotton seed . . . | 

I 35-8 

SI 

54 

,, whale oil . . ’ - ' j 

35-8 

47-5 


Mutton tallow 

42 -5 

45 

1 

Hardened linseed . , . . i 

42-5 

55 


,, cot Jon seed . . . | 

• 425 

48*2 

52 

whale oil . . . . i 

42-5 1 

45*4 



• j 

9 I 


Hydrogenated Qils as Foc ^, — In the present jstate of our knowledge of 
,^^dietetics it is not possible to be at all definite as to the food-value of hydro- 
genated oils. 4^n one point oaly can any definite opinion be given and that 
is that under no circumstances should drtcmiJts be made to introduce such 
artificial materials into commerce's articles of diet without due notice being 
given to the purchaser of the character of the material being sold. The 
recent work on accessory food factors (no matter wha"t the ultimate outcome 
of such work may be) renders it possible that there ifiay be material, if minute, 
differences between a synthetic body aryl the natural product which it is 
intended to simulate, and it is most desirable both on the score of ethics 
and of publio tiealth that purchasers should be fully acquainted with the 
nature of the product they are buying. Some manufacturers state that de- 
. ception of the public is not undesirable so long as they suffer no actual 
harm — since their prejudices may force them to refuse perfectly good articles ; 
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the doctrine is -dangerous, particularly if the manufacture? is to he the sote 
arbiter as to what is, and what is not, a wholesome article. 



Fig. II (a). — Hydrogenated linseed oil. \ anationof melting-point with iodine value 
(M>'ddlelon and Barry) 
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\'alue (Myddleton and Harry) 

The food value of hydrogenated oils falls roughly under three heads : 
firstly, their digestibility; secondly, their content of growth promoting pro- 
perties; and thirdly, the possible presence of minute traces df the metallic 
substances which are used as catalysts. . • m 

Digestibility . — The question of the digestibility of hydrogenated oils 
is to a large extent a question of melting-poin* and in this connection it 
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niiist be remembered that such materials of high melting-point are not 
likely to be used of themselves but in admixtures with others so that the 
melting-point of the whole will usually be below body temperature. C. F. 
Langworthy {Analyst^ 1923, 48, 232) has conducted fading experiments 
on men using twenty-thr^p animals’ •fats, thirty-four vege^le fats, and 
six hydrogenated fats which were administered in the form of cornflour 
pudding. He states that ihere appears to be little difference ^in the 
digestibility, but that those having melting-faints abov(^ the body tei^ 
perature appear to be not quite so thoroughly assimilated. 

Holmes and T>mx 6 iJ^ibid,^ 1921, 46, 503) conducted similar experiments 
with hydrt)genated oils of various melting-poinjs and found the following 
results : * 


Table CCLXXIII. — Digestibility of Hydrogenated Oils 

* \ • 


• 

• 


(Holmes and Deuel) 

• 

• 


C(ftton^Seed Oil. 1 

Araclii»OjJ. 

Maize Oil. 

M.Pt. °C. 

* 

Digestibility ! 
per cent. | 

M 1*1 1 

m.i 1 . percent. 

M.Pt. °C. 

Digestibility 
per cent. 

35 

, 96*8 

37 j 98-1 

•33 

94-7 

38-6 

95*5 

39 ! 95-9 

43 

95-4 

46 

94*9 

I 

50 

I 88-5 



43 ' 966 


1 

1 


SO j 92-0 




• * 

52 ! 790 

i 

• • 

• • 


^ Myddleton and Barry {Joe. cii.) report that a large-scale experiment on 
250 people under medical observation in Germany show^ed that a tliet con- 
taining 23 per cent, hydrogenated whale oil was satisfactorily assimilated, 
and no deleterious effects on the subjects were observed. 

In these experiments the percentage assimilated never fell below the 
value for butter fat by more than 10 per cent. (Cf. W. Fahrion, J.S.CJ,, 

1919^ 38, 510A.) 

Vitamines. ~^The question of the effect of hydrogenation upon any sub- 
stance’ present in natural oils and fats "which arc essential to nutrition is a 
difficult one. It has been proved that in many cases such substances (or 
the properties of the oil that are ascribed to nliem) are entirely destroyed 
during the process.* In the ca^^e of ods which arc/)riginally extremely active 
^ it has been found that in some circumstances the hydrogenated product 
IS still active, t\ms Zilva {J.S.CMJ., 1924, 43, 962B) has sliown that cod-liver 
oil hardened under' strictly anaerobic c()>iditi(«is at a temperature of 150° 
for 1-2 hrs. a id deodoirised by Wcatment with steam was found to be as 
active as the original oil. Partially hardened cod-liver oils still in a liquid 
condition, and free from 4 hc unpleasant fishy taste and smell, were also 
found to retain their original activity. 

Some recent work of L. S. Fridericia,(J. 5 ^.C./., 1925, 44, BT44) seems 
to show that the addition of hydrogenated whale oil to a diet of which the 
vitamin A was «flpplied by butTer fat rendered the diet insufficient for growth 
of rats, although the hydrogenated oil itself was shown to be without toxic 
effect; no such inactivation was observed with hydrogenated coconut or 
hemp-seed oils or with non-hydrogenated coconut oil or abdominal fat 
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from the pig; if, however, the latter fat were first heated to 105° in thin 
layers for 24 hrs. with free access of air', it acquired an inactivating action 
towards vitamin A; it is suggested that in this case the inactivating action 
may be due to the ^formation of peroxides in the heated fat. 

These observations are< interestilig and are^of such importance that 
further work ajpng the same lines will doubtless* follow immediately. (Cf. 
Analyst^ 1925, 49, 146.) / j 

^ The amount of work tha^ has been done up to the present is inconclusive 
and although it is not, perhap*^, possible to say that hydrogenation is definitely 
objectionable in the case of edible fats, yet it cannot, be * said with certainty 
that hydrogenated whale oil is the dietetic equal of butter fat or evbn of beef 
fat (but cf. Thoms and Muller, 1920, 39, 131A), 

Catalysts . — The importance of the possible effect of the catalyst upon 
the human organism is not now of such moment as it once was on account 



Fin. 12. — Composition of hydrogenated oil. 

\ fiy '/’erfftisswn of \ytlliumi iy Holton and Tht Ana^vst 

of the fact that only mere traces of the catalyst now remain, whilst in some 
cases the whole of it is rer^oved. Numcrour workers have written upon 
the point, the general opinion being that the quantities Oi. say, nickel, likely 
to be found in a hydrogenated oil are quite immaterial and harmless, in-^ 
fact Bordas {J.S.C.J., 1919, 38, 787A) has stated that quantities of nickel 
up to 0*5 grm. of NiO per dify for "52 days are without injurious effect. 

K. B. Lehmann {ibid.^ i9i4» 33» 7^^3) has stated that commercial samples 
of hydrogenated arachis, sesame and cottqn-seed oils contained from 0*07 
to 6 mg. Ni per kilo. Feeding experiments with these fats were made 
upon animals and human beings for periods up to six months without any 
ill effects being felt or observed. 

At the present time, for various reasons, the amounts of hydrogenated 
oils in use are not large but their extended use is mostly a questibn of economic 
value and is quite possible at any time. 

P'or the preparation of hydrogen for use in the hydrogenation of oils, cf. 
Ind. Chem., 1925, i, 149. » 



APPEI^DIX I, 

VITAMINES 

It is quite outside the scope of the present wor^ to give any detailed account 
of the so-called vtfamins (for this the rha^ier is referred to the excellent 
summary on the subject due to A. Harden which is published by H.M*. 
Stationery Office for the Medical Rescailh Council), but a brief statement 
of the mainupoints which are of interest to the oil chemist may not be out of 
place. It should, however, be definitely stated that our knowledge of these 
subs*tances is still small and that they have not yet been isolated as individuals 
although very coi^iderable progress has been made* along these lines quite 
recently. complete definition is iiiip(^ssible, but they may be looked 
upon as food constituents, present in minute proportions in certain foods, 
which are (or seem to be) absolutely necessary for nutrition; without them, 
no matter how chemically complete ihe diet may be, an animal cannot grow 
and thrive. • 

Up to the present time considerable evidence has been adduced to prove 
the existence of three such substances, whilst the possibility of the existence 
of others is not remote. The three for the existence of which the evidence 
is most complete are fat-soluble A, water soluble B — the anti-neuritic vitamin, 
and vitamin C — the anti-scorbutic vitamin; deficiency of the latter two 
appear to produce beri-beri and scurvy respectively. 

From the point of view of oils the only one which is of immediate interest 
is fat soluble A which seems to have some intimate connection with growth. 
This factor is dbntained in the largest amounts in the liver oils of certain 
fiSh such as the cod and also in many other oils of animal original such as 
beef fat, butter fat, etc. Vegetable oils in general contain only small amounts, 
if any. Lard as a general rule contains little, if any, but at least a portion of 
this deficiency is caused by the methods of manufacture. 

It would appear that the primary source of the fat soluble A is the green 
leaves of plants, animal fats derive their supplies cither directly or indirectly 
from this source. I'he diet of the animal has a great if not a complete effect 
upon the amount of this constituent foutid in the fat. Drummond, Coward 
and Watson {J.S.CJ.j 1921, 40, 746A) have shown that winter butter is 
very deficient in this material but tlAt as soon as^thc cows are put out to grass 
the amount increase^. It is (|^iite possible that some of the marine diatoms 
have the power of synthesising this factor when grown in sterilised sea-water 
in the light. • • 

According to Harden {loc. at.) the qftantit^ivc estimation of vitamin A 
in foodstuffs is best effected by tlMi following experimental method : Young 
rats of about 50 grms. weight are fed on a diet lacking in vitamin A, for 3-4 
weeks. They have then oeased^to grow, usually at a weight not above 
90 grms., and any which still continue to increase 'in weight are rejected. 
The substance to be tested is then added ^to the diet in varying amounts, a 
series of experiments with different groups of rats being made, and the 
minimum amowftt ascertained^ which will induce definite and continuous 
growth for a period of four weeks. 

Whenever poSsible the experimental substance is administered quanti- 
tatively to the animals, usually before the rest of their ration. The results 
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obtained by Ziiva and Miura in the estimation of wVitamin^A in a sample of 
cod-liver oil show the effect of gradually decreasing doses of cod-liver oil. 
Resumption of growth ceased between 1*4 and 1*7 mg., and 1*7 mg. was 
accordingly taken as the minimum dailyMose of this sample of oil. 

The caseijiogerf used in fthe basalt diet for exjjeriments of this kind may 
be purified by'^eing heated on shallow trays in a current of air at izo^ C. 
for 36 hours and repeatedly stirred during this tfme, to pron^ote the oxidation 
qJ the vitemin A, which is always found in crude caseinogen. This method 
is invariably successful, proviVled that a finely divided caseinogen is employed. 
Alternatively, the material may, be thoroughly extract(^ first with warm 
alcohol and then with light petroleum. Wheat starch is gene;rallyiCmployed 
and requires, as a rule, no* purific&tion. The best fat to use for the basal 
diet is refined hardened * cotton-seed oil, which has invariablytbeen found 
to be completely inactive. 

' When animals are deprived of fat soluble A for any length of time an 
inflammatory condition of the eyes known as Xerophthalii^a is set up which 
will ultimately lead to total blindness unless the substance be ad;ninf«tered. 

The vitamin A is soluble in fats and is extracted with them by such 
solvents as ether, alcohol, etc. It is also, however, soluble in water to a 
slight extent. It is probably not destroyed by heating to 120° in the absence 
of oxygen, but oxygenation particularly at temperatures above 80” soon 
destroys its activity. Reduction also is deleterious, particularly under certain 
conditions, but these have not yet been definitely established (cf. J.S.C.L^ 
1925, 44, B609, B897). 

The fat soluble A is not destroyed by heating with alkali and is left in 
the unsaponifiablc matter when oils arc saponified in the absence of air. 
It is not precipitated by digitonin so that this method suffices for separating 
it from the cholesterol. I'liis method may be used for obtaining the sub- 
stance in highly concentrated form, but isolation of the pure substance has 
not yet been brought about. 'Fhe relation of sterols to vitatnin A has been 
discussed by Drummond, Rosenheim and Coward (J.S.C.I., 1925, 44 » 

'23T). 

L. S. Fridericia 1925, 44, B144) has observed that the addition 

of hydrogenated whale oil to a diet of which the vitamin A was supplied by 
butter fat rendered the diet insufiicient for growth of rats, although the 
hydrogenated oil itself was shown to be without toxic effect; no such inactiva- 
tion was observed with hydrogenated coconut or hemp-seed oils nor with 
non-hydrogenated coconut oil or abdominal fat from the pig; if, however, 
the latter fat were tirst heated to 105^ in layers for twenty-four hours 
with free access of air, it accj^iired an inactivating action towards vitamin A; 
it is suggested that in th\^ case the inactivat,pig action^ may be due to the 
formation of peroxides in the heated fat. 

This short account of fat-sol ublc A may. be very usefirfe^ly brought to a 
close with the following rcmii,rks ofTIarden’s (he. cit.): • 

“ The close relation which exists between the presence of vitamin A in 
fats and the wxll -known reaction given by liver oils (which consists in the 
production of a purple colouration when the oil, is dissolved in an organic 
solvent and a drop of sulphuric acid is added) has been pointed out by 
Drummond and Watson (1922). All the liver oils of mammals, birds, and 
fish examined by these authors gave the reaction, and it was also given, 
although less strongly, by the body fat of sorTie animals and, by butter. In 
striking agreement with the behaviour of vitamin A, the property of pro- 

♦ The question as to whether this oil is quite sale has arisen. Some workers . 
prefer to use oxygenated cotton-seed oil. 
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ducing the colouration is lost wheh a current of air is passed through the 
fat at 100® C., but not when the fat is heated at this temperature in the absence 
of air. Again, when the fat is hydrolysed it remains, with the vitamin A, 
in the unsaponihable residue. Moreover, the intensity #of the reaction was 
found to be roughly proportional to tht vitamin A conteriPof a series of 
fish-liver oils. ^The livers and fat of pigs and rats fed on diets deljcient in 
vitamin A did not give the ^-eaction, but this appeared when the 4^ficiem:y 
was made good. It is obvious that there is*a alose paralld between the t^o 
properties, and the authors, without claiming tljat the test actually indicates 
the presejice of the vitamin, suggest ‘ that* the association may be of sonje 
significance.’ *The necessity for this caution is* indicated by the facts that 
although ,t^jp marine diatom Nitzschia has been shown to be rich in vitamin 
A, the oil extracted from this organism did not give the purpjp-colour test 
with sulphuric acid. A similar negative result was obtained w^ith plankton 
oil, although the reaction in question is probably ono between cholesterol or 
an an^gous substance and some alde^iydic compound (see Whitby, 1923; 
Harden and. Robinson, 1923), but whetiTer the latter is derived from the 
vitamin itself or not, is so far unknown.” 

Rosenheim and Drummond 1925, 44, B1008) have quite 

recently devised a j^rthcr colour test which, it is suggested, is quite specific 
for the presence of vitamin A, It depends upon the, blue colour which is 
produced on shaking arsenic chloride, methyl sulphate or trichloractic acid 
with a substance containing vitamin A, e.g. cod-liver oil. The reaction is 
also given by acetyl chloride and benzyl chloride in the presence of zinc 
chloride. The results so far obtained with this method arc encouraging. 
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Refractive Indices of Aqueous Solutions of Chemically Pure Glycerol 


Glycerol 
per cent. 

Lenz. 
12 * 5 - 
12 - 8 ^ C. 

Strohmei. 

17-5-. , 

Skalweit. 

15° c. 

t 

Glycerol 
per cent. 

Lenz. 
12 - 5 - 
jp- 8 ® C. 

Strohmer. 

17 - 5 *. 

r- 

Skalweit. 

i 5 ‘'C. 

100 

I - 47^8 

1-4727 

1-4742 

49 

1-3993 


1-398* 

99 \ 

1-4744 

1-4710 

I *4728 

48 J 

1*3979 

it 

1-3966 

98 

1*4729’ 

* I -4698 

, I •'4712 

47 

1-3964 


i- 39 Sa 

97 

1*4715 

1-4681 

I -4698 

46 

1*3950 


1-3938 

96 

I *4700 

I -4670 

I -4684 

45 

1*3925 ' 


1-3924 

95 

I -4686 

1-4653' 

1-467/5 

44 

1-3921 

: . 

1-3910 

94 

1-4671 

1-4636 

1-4655 

43 

1-3906 


1-3896 

93 

1-4657 

1-4625 

I -4640 

42 

1 -3890 


1-3882 

.92 

I '4642 

I 608 

1-4625 

41 

1-3875 


1-3868 

91 

I *4628 

1-4596 

1-4610 

40 

1-3860 


T- 38 S 4 

90 

1-4613 

1-4579 

1*4595 

39 

1-3844 


1-3840 

89 

1-4598 

1-4563 

1 -45-80 

38 

1-3829 


1-3827 

88 

1-4584 

1-4551 

1-4565 

37 

1-3813 


1-3813 

87 

1-4569 

1*4534 

1*4550 

36 

1-3798 


1*3799 

♦ 86 

1*4555 

1*4523 

1*4535 

35 

1-3785^ 


1-3785 

8s 

1*4540 

1,-4506 

1-4520 

34 

1*3772 


1*3771 

84 

1*4525 

1-4489 

1*4505 

33 

1-3758 


1-3757 

83 

1*4511 

1-4478 

1-4490 

32 

1*3745 


1*3743 

82 

1-4496 

1-4461 

1*4475 

31 

1*3732 


1*3729 

81 

I *4482 

1-4449 

I -4460 

30 

1*3719 


1*3715 

80 

1-4467 

1*4432 

I 4444 

29 

1 -3706 


1*3701 

79 

1*4453 

1*4415 

1-4429 

28 

1-3692 


1-3687 

78 

1-4438 

1-4398 

1-4414 

27 

1-3679 


1-3674 

77 

1-4424 

1-4387 

1-4399 

26 

1-3666 


I *3660 

76 

1*4409 

1-4370 

1-4384 

25 

1-3652 


1-364? 

75 

1*4395 

1-4353 

1-4369 

24 

1-3639 

1 

1-3633 

74 

1-4380 

1-4336 

1-4354 

23 

1*3626 


1-3620 

73 

1-4366 

1-4319 

1-4339 

22 

1-3612 


1-3607 

72 

1*4352 

1-4308 

1-4324 

21 

1*3599 


1*3594 

71 

1*4337 

I -4291 

1-4309 

20 

1*3585 


1-3581 

70 

1-4321 

1-4274 

1-4295 

19 

1*3572 


1-3568 

69 

1*4304 

1*4257 

1-4280 

18 

1*3559 


1-3555 

68 

1*4286 

I -4240 

1-4265 

17 

1*3546 


i ’3542 

67 

1-4267 

1-4223 

1 -4250 

16 

1*3533 


1-3529 

66 

1-4249 

I -4206 

■ 1-4235 

15 

1-3520 


1-3516 

65 

1-4231 

1-4189 

I -4220 

14 

1*3507 


1-3503 

64 

1-4213 

1-4167 

I -4205 

13 

1*3494 

. * * 

1-3490 

^>3 

1*4195 

1-4150 

I -4100 

12' 

1*3480 


1-3477 

62 

1-4176 

1-4133 

' 1*4175 

II 

1*3467 


1-3464 

61 

1-4158 

1-4116 

1-4160 

* 10 

1*3454 


1-3452 

60 

1-4140 

1-4099 

1-4144 

9 

1*3442 


1-3439 

59 

1-4126 

I *4087 

1-4129 

8 

* 1*3430 


1-3426 

58 

1-4114 

I -4070 

1-4104 

7 

1*3417 1 


1-3414 

57 

1*4102 

1*4059 

1-4099 

6 

1*3405 


1-3402 

56 

1-4091 

1 -4048 

I -4084 

5 

1*3392 


1-3390 

55 

1-4079 

1-4036 

I -4069 

4 

1*3380 


1-3378 

54 

1-4065 

I -4019 

1*4054 

3 

1*3367 


1-3366 

53 

1*4051 

1-4008 

1*4039 

2 

1*3355 


1-3354 

52 

1-4036 

1*3997 

I -4024 

I 

1*3342 


1-3342 

51 

I -4022 

1-3980 

1-4010 

0 1 



1-3330 

50 

1-4007 

l- 396 y 

1-3996 




• 
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!\PPENDI*X III 


Specific GravIties of Aqueous Solutions of 
Chemically pure GtvcEROL • 


Glycerol 
per cent. 

"-«- 

r Lecz. 

■•43712®. 

• 

Strohmer. 

I 7 -S 7 i 7 - 5 °. 

fterlach. 

Nicol. • 

20®/20*. 

15 */I 5 ”. 

• 

20°/20°, 

• 

100 • 

i 

I *2691 

1*262 

1-2653 

I *2620 

1-26348 

99 • 

I *2664 i 

1-259 

I *^628 

1-2594 

1*26091 

98 

•I.-2637 

1-257 

i*26d!j 

I -2568 

1-25832 

97 

1*2610 

1-254 

1-2577 

1 *2542 

1-25572 

96 

1-2584 

1*252 

.1-2552 

1-2516 

1*25312 

95 

I -2557 . 

1-249 

1*2526 

I *2490 

1*25052 

94 

.1-2531 

I *246 

1*2501 

1 *2464 

I *24790 

93 

I *2504 

1-244 

I *2476 

1-2438 

1-24526 

92 

I *2478 

1*241 

1-2451 

1*2412 

I *24259 

91 

1-2451 

1-239 

I *2425 

1*2386 

1 -23990 

90 

1-2425 

1-236 

I *2400 

1 *2360 

1 *23720 

89 

1-2398 

1-233 

1-2373 

1-2333 

1-23449 

88 

1*2372 

1*231 

1-2346 

I *2306 

1-23178 

87 

1-2345 

1*228 

1*2319 

1*2279 

I *22907 

86 

I- 2 jl 8 

1*226 

I *2292 

1*2252 

1*22636 

85 

1*2292 

1*223 

1*2265 

I *2225 

1-22365 

84 

1*2265 

1 *220 

I -2238 

1*2198 

I *22094 

83 

1*2238 

1-218 

I *221 1 

1*2171 

1*21823 

.82 

1*2212 

1-215 

1*2184 

1-2144 

1*21552 

81 

1*2185 

1-213 

1*2157 

1*2117 

1*21281 

80 

1*2159 

I -210 

1*2130 

I *2090 

1*21010 

79 

1*2122 

1-207 

• 1*2102 

I *2063 

1*20739 

78 

1*2106 

1-204 

1*^074 

I *2036 

I *20468 

77 

1*2079 

1-202 

I *2046 

1 *2009 

1*20197 

76 

I *2042 

1199 

, 1*2018 ^ 

I 1982 

1*19925 

75 

1*2016 

1-194 

1*1990 

► I-I 95 S 

1-19653 

74 

1*1999 • 

1193 * 

1*1962 

• 1*1928 

1-19381 

73 

I- 197 ? 

1-190 

I 1934 

1*1901 

1-19109 

72 

I -1945 . 

I-188 

1-1^6 

1-1874 

1-18837 

71 

1*1918 

1-185 

1-1878 • 

1-1847 

1-18565 

70 

1*1889 

•1-182 

• 1-1850 

1*1820 

1-18293 

69 

1*1858 

I -179 . 

> 


1 -18020 

68 

1*1826 

i-f76 



1-17747 

67 

1*1795 

1-173 



1-17474 

66 

1*1764 

I -170 

• 

. . 

I -17201 

65 

j*i ^3 

1-167, 

1*1711 

1*1685 

1-16928 

64 

1*1702 

1-163 


. . 

1-16654 

63 

i-i6v 

1-160 

. . 

. . 

1-16380 

62 

1*1640 

1-15; 



• • 

1-16107 
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EDIBLE OILS AND FATS 


SpEcmc Gravities of Aqueous .Solutions of Chemically 
Pure Glycerol— co«<»B«erf 


Glycerol 
per cent; 

< 

Lenz. ' 

Strohoier. 

> 7 -57 >7-5°- 

Gerla^. 

Nicol. 

20®/20.® 

n — 

15715°. 

< 

20°/20°. 

\ 

61 

» 

i-i6io 

. • 

1-154 



1-15834 

60 

1-1582 

1-151 « 

I1570 

I -.1550 

1-15561 

' 59 

1-1556 

i*U 9 


. . ' 

1-15288 

58 

1-1530 

1-146 


. . 

1-15015 

57 

1*1505 

1-144 

. . 


■ 1-14742 


V*i48o 

I -142 


. . 

1-14469 

55 

1-1455 

. 1*140 

1-1430 

1*1415 

1-1^196 

54 

1-1430 

1-137 


. . ( 

I -13923 

53 

1-1403 

1*135 

H 


# 1-13650 

52 

I -137s 

1*133 



1*13377 

51 

1-1348 

1*130 



1-13104 

50 

1-1320 

1-128 

I • r 290 

1-1280 

1-12831 

45 

1-H83 1 


1*1155 

1-114^ * 

1-11469 

40 

I -1045 


1*1020 

I -1010 

i-ioii8 

35 

I -0907 ! 


1 *0885 

1-0875 

I -08786 

30 

1-0771 


1-0750 1 

1 -0740 

I -07469 

25 

1-0635 

i 

I -0620 

i-o6to 

I *06166 

20 

I -0498 

! 

I -0490 

1 -0480 

I -04884 

15 

1*0374 



1 

1-03632 

10 

1-0245 

i •• 

1-0245 

1 1-0235 

I I -02391 

5 

1-0123 

1 


1 

1-01184 

0 

I -0000 

1 

1 I 

i i 

I -0000 

1 -0000 1 

i 

I '00000 , 


APPETSIDIX IV 


1 


ViscosiTjjES OF Glycerol Solutions (Aschbutt and Debley) 


S.G. at 
20730° C. 

Viscosity 
at 20° C. 

Log. of 
Viscosity. 

Differ- 

ences. 

S.C..at# 

20720° c. 

t 

Viscosity 
at 20° C. 

%x>g. of 
Viscosity. 

i ^ 

Diffe^fc 

ences. 

1*000 

• 

^^•01028 

2*01183 


• 

1*041 

• 

*01691 

2*22817 

540 

I *001 

*c»040 

2*01703 

520 

1*042 

*01712 

2-23358 

541 

1^02 

*01053 

2*02223 

520 

1-043 

•01734 

2*23(Jbo 

Sjf 

1-003 

•01065 

2*02744 

521 

1-044 

•01756 

i -24443 

543 

1-004 

*01078 

2-032^ 

521 

, i -°45 

*01778 

2*24987 

544 

1-005 

•*01091 

"2*03786 

521 

1*046 

•01800 

2-25532 

545 

I *006 

•01104 

2-04307 

521 ' 

1-047 

•01883 

2*26078 

546 

1-007 

•01118 

2 *04829 

522 

1*048 

*01846 

2*26625 

547 

I -008 

•01131 

,^•05351 

522* 

1049 

*01870 

2-27173 

548 

1-009 

; 0 ]I 4 S 

r 2 -05873 

522 

1*050 

•01 8^3 

2*27722 

549 

1*010 

*01159 

•2-06395 

522 

1*051 

•OI9I7 

2*28272 

550 

1*011 

•01173 

2*06918 

523 

1*052 

*01942 

2*28823 

551 

1*012 

*01187 

2-07441 

523 

1-053 

*01967 

2-29375 

552 

1-013 

•01201 

2-07964 

523 

1-054 

•01992 

2*29928 

553 

1*014 

*01216 

2-08488 

524 

1-055 

*02018 

2*30482 

554 

1*015 

•01231 

2*09012 

524 

1-056 

*02044 

2-31037 

555 

i-oi6 

*01246 

2-09536 

524 

1-057 

-02070 

2-31593 

556 

1*017 

•oi#6i 

2*10061 

525 

1-058 

*02097 

2*32150 

557 

• i*oi8 

•01276 

2*10586 

525 

1*059 

*02124 

2-32708 

558 

1*019 

*01292 

2*11112 

526 

I *060 

•02151 

2-33267 

559 

1*020 

*01307 

2-11638 

526 

i*o6i 

*02179 

2-33827 

560 

i%VEft*02I 

•01323 

2*12165 

527 

I *062 

•02207 

2-34389 

562 

1*022 

*01339 ! 

! '2*12692 ! 

527 

1*063 

*02236 

2-34953 

564 

I *023 

•01356 

i 2*13220 

528 

1*064 

*02266 

2-35519 

566 

1*024 

•01372 

2-13748! 

528 

1*065 

*02296 

2-36087 

568 

I *025 

•01389 j 

2-14277 j 

529 

I 066 

•02326 

2-36657 

570 

I -426 

*01406 

2*14806 j 

529 

1*067 

•02357 

2-37229 

572 

1*027 

•01424 1 

2*1533^1 

S 3 P 

I *068 

0 

*02388 

2-37803 

574 

1*028 

■01441 1 

2*15866 j 

• 530 

1*069* 

*02420 

i -38379 

576 

1*029 

*01459] 

•'2*16397 ! 

• S 3 I 

1*070 

• *02452 

2-38937 

578 

1*030 

* 01427 ! 

2*16928 1 

, 53 * 

1*071 

*02485 

2-39537 

580 

1*031 

*01495 i 

2*17460 ; 

532 

%I*072 

*02519 

2*40119 

582 

1*032 

-01513 

"2*17992 ! 

532 

1-073* 

•02553 

2*40703 

584 

1-033 

•01532 j 

2-18525 1 

S 3 

1-074 

•02588 

2*41289 

586 

1*034 

-01551 

2*19058 i 

«3 

1-075 

•02623, 

2-41877 

588 

1-035 

•01570 

! ■2-195^2 1 

534 

1-076 

•02659 

2 -42467 

590 

1*036 

*01590 

2-20127 

535 

1-077 

*02695 

2-43059 

592 

1*037 

•01609 

2-20663 

536 

f-078 

*02732 

2-43653 

594 

1*038 

.•0^29 

1 2-21200 

i« 537 

1-079 

•02770 

2-44249 

596 

1-039 

•01650 

2-21738 

1 538 

1*080 

•02809 

2-44847 

598 

1 *p40 

*01650 

2-22277 

! 

i 539 

i-o8i 

*02848 

1 

2-45447 

600 
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EDIBLE OILS AND FATS 


Viscosities of Glycsrol Solittions— 

f , , c 


S.G. at 
20®/20® C. 

Viscosi^ 
at 20® C. 

Log. of 
Viscosity. 

Differ- 

ences. 



S.G. at 
20?/20® C. 

Viscosity 
at 20® C. 

f 

Log. of 
Viscosity. 

Differ- 

ences. 

I'oSa ' 

- 055^7 

t 

2*46049 

f « 

602 

1*129 

•06038 

2*78090 

79a 

^•083 

*02928 

2-46653 

604 

1-130 ' 

•06150 

5-78889 

799 

,1-084 ' 

•02960 

2*47259 

♦ 606 

1*131 

*06265 

5-79695 

806 

1-085 

•0301 I 

2*47867 

' 608 

1*132 

•06384 

2 80508 


I *086 

•03053 

2*48478 

*Sii 

I-I 33 

•06506 ' 

2*81328, 

820 

^ 1*087 

•03097 

2-49092. 

614 

I-I 34 

•06631 

2*8'2I56 

828 

1*088 

•O3I4I 

2*49709 

617 

I-I 35 

*06760 

2*82992. 

836 

1*089 

•03186 

2*50329 

620 

1-136 

•06892 

5-83336 

844 

1*090 

.\j3232 

2*50952 

623 

I-I 37 

*07029 

2*84688 

8s* 

I **09 1 

•03279 

2-51578 

626 

1-138 

*07169 

2-85548 

860 

1*092 

•03327 

2-52207 

629 

1*139 

•07314 

*86416 

868 

1*093 

•03376 

2-52839 

632 ' 

1*140 

•07463 

2*87292 

876 

1*094 

-03426 

2-53474 

635 

1*141 

•07617 

2*88177 

885 

1*095 

•03476 

2*54112 

638 

1*142 

•07775 

2*89071 

894 

1*096 

•03528 

2*54753 

641 

^•143 

-07939, 

5-89974 

903 

1*097 

•03581 

2*55397 

644 

1*144 

.08107 

2 90886 

912 

1*098 

•03635 

2-56044 

647 

I-H 5 

•08281 

2*91867 

921 

1*099 

•03689 

2-56694 

650 

1*146 

•08460 

2-92737 

930 

1*100 

*03745 

2*57347 

653 

1*147 

•08645 

2-93676 

939 

I*IOI 

*03802 

2-58003 

656 

1*148 

•08836 

2-94625 

949 

1*102 

•03860 

2-58662 

659 

1*149 

•09033 

2-95584 

959 

1*103 

•03920 

2-59324 

662 

1*150 

•09237 

2-96553 

969 

1*104 

•03980 

2-59989 

665 

1*151 

•09448 

2-95732 

979 

1*105 

•04042 

2*60657 

668 

1*152 

•09665 

2*^,8521 

989 

1*106 

•04105 

2-61329 

672 

1-153 

*09890 

2-99520 

999 « 

1*107 

*04169 

2-62005 

676 

1*154 

•1012 

1*00529 

1009 

I *108 

*04235 

2*62685 

680 

1-155 

*1036 

1*01548 

1019 

1*109 

*04302 

2*63369 

684 

1*156 

•1061 

I *02578 

103c .. 

I*IIO 

•04371 

2-64057 

688 

1*157 

•1087 

1*03619 

1041 

I*III 

•04441 

2-64749 

692 

1*158 

•I 1 14 

1*04671 

1052 

I*II 2 

•04513 

2-65445 

696 

1-159 

•1141 

T.o «;734 

1063 

1*113 

*04586 

2-66146 

701 

I *160 

•1170 

I *06808 

1074 

1*114 

*04662 

2-66852 

706 

i*i6i 

*1199 

1*07893 

1685 

1*115 

•04738 

2-67563 

711 

1*162 

*1230 

1*08989 

1096 

i*ii6 

•04817 

2-68279 

» 716 

1*163 < 

*1262 

1*10096 

1107 

1*117 

•04898 

2-69000 

721 

1*164 

*1295 * 

I-II 2 I 5 

1 1 19 

i*ii8 

*04980 

2-69726 

726 

1*165 

*1329 

1-12346 

II3I 

1*119 

•05065 

2-70457 

73 

1*160 

-1364 . 

1-13489 

1143 

1*120 

•05152 

2-71193 

736 

1*167 

•1401 

1*14644 

115s 

1*121 

*05240 

2-71935 

742 

1*168 

•1439 

1*15811 

1167 

1*122 

•05331 

2-72683 

748 

I- 169 

•1479 

1*16990 

1179 

1*123 

•05425 

2-73437 

754 

1*170 

•1520 

i*i8i8i 

1191 

1*124 

•05520 

2-74197 

760 

1*171 

•1563 

T- 19384 

iao3 

1*125 

*05619 

2-74963 

765 

1*172 

*1607 

T *20600 

I2i6 

1*126 

*05719 

*•75735 

772 

1-173* 

•1653 

1*^1829 

1229 

1*127 

*05823 

2-76513 

778 

1*174 

•1701 

1*23071 

1242 

1*128 

*05929 

5-77298 

785 

1*175 

-1751 

i 

I/24326 

12SS 
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S.G. at 
20®/20^ C. 

• 

Viscosity 
at 20® C. 

Log. oi 
Viscosity. 

Differ- 
ence^. 2 

S.G. at 

50 ®/ 20 ® C. 

Viscosity 
at2o®C. ^ 

Log. of 
V^iscosity 

Differ- 

ences. 

1*176 

1*177 

1*178 

1:179 

I *180 

ri8i* 

1*182 

1*183 

€•184 

1*185 

1*^6 

1*187 

i*i88 

1*189 

1*190 

1*191 

1*192 

1*193 

t*i 94 

^•195 

1*196 

1*197 

1*198 

1*199 

1*200 

1*201 

1*202 
, 1*203 
1*204 
1*205 
1*206 
1*207 
t*208 
1*209 
1*210 

i*2ir 

1*212 

1*213 

1*214 

1*215 

I* 2 i 6 

1*217 

1*218 

1*219 

• 

•1803 

•18I7 

•1913 
•1971 
*2032 • 
*:io96 
*2162 
^ 12231 
*2302 

•2377 

*2455 

•.•2537 

*2622 

•2711 

•2803 

*2900* 

“ .3002 
•3108 
.3219 

•3335 

• 34 S 6 

•3583 

•3716 

•^56 

•4002 

•41SS 

•4316 

•4485 

•4662 

*4848 

•5044 

•5250 

•5466 

•5694 

•5933 

•6186. 

•6453 

• 6^33 

•7029 

■ 734 * 

•7672 

•8021 

•8390 

•8781 

- 

^ 

1*25594 

i*2687> 

1*28169 

1-29476 

V30796 

1*32130 

1-33478 

1-34840 

1*36216 

1*37606 

1*39010 

I *40428 
1*41860 

‘•43307 

1-44769 

I *46246 ' 

1-47738 

'•49245 

1-50767 

1-52304 

'•53856 

'•55424 

1*57008 
1*58608 
I *60224 
1*61857 
1-63507 

1-65174 

I *66858 
1-68559 
I *70277 
1*72013 
1*73767 

'•75539 

‘• 7733 P 
1*79149 
I *80969 
1*82818 
T *84687 
1*86577 
1*88488 

T* 9 « 42 I 

1*92376 

‘•94354 

• 

i 

1268 

1281 

1294 

1307 

rg20 

1334 

1348 

1362 
1376 
1390 
1404 
1418 • 

1432 

1447 

1462 

1477 

1492 

1507 

1522 

1^7 

1552 

1568 

1584 

1600 

1616 

1633 

1650 

1667 

1684 

1701 

yi8 

1736 
1754 • 
1772 

1791 

1810 

1829 

’ 1849 1 
1869 
^890 
^1911 

1933 

1955 

1978 

1 

• 

1*220 

1*221 
1*%22 
I*22f 
l*g24 
1-225 . 
•1*226 
1*227 
1*228 
1*229 
1*230 1 
•1*231 I 
1*232 
1-233 1 
1-234 1 

1-235 ' 

1*236 

1*237 

1*238 

1*239 

1*240 

1*241 

1*242 

1*243 

1*244 

1*245 

1*246 

1*247 

1*248 

1*249 

1*250 

1*251 

1*252 

1*253 

1-25^ 
1-255 . 
1*256 
1*257 
I* 2|8 

1*259 

1*260 

1*261 

1*262 

*9195 

•9635 
1*010 1 
1*060 * 
1*112 
i*i68 

1*228 

1*292 

1*360 

7*433 

1*511 

1*594 
1*683 ' 

1*779 1 
1*8821 
; 1 * 993 , 

1 2»1I2 

2*240 

1 2*379 

2-528 

2*690 

2*865 

3*054 

3*259 

3*481 

1 3*721 

1 3*981 

4*263 

4- 569 

4*901 

5*261 

5- 653 

6*078 

6*504 

7*043 

7 - 59 ‘ 

8*187 

8*837 

1 9*546 
10*32 

1 ii*i6 

12*09 

13*10 

<96356-; 

1*98383 1. 
0*0043^ 1 
0*02516 1 
0*04624 [ 
0*06761 ' 
0.08928 ^ 
0*11126 
0*1^356 
0*15619 
0*17916 
0*20248 
0*22616 
0*25021 ' 
0*27464 
0*29946 1 
0*32468 1 
0*35031 
0*37636 
0*40284 
0*42976 

0*45711 

0*48488 

0*51306 

0*54164 

0*57061 

0*59996 

0*62969 

0*65979 

0*69025 

0*72107 

0*75224 

0*78375 

0*81560 

0*84778 

1 0*88029 

0-9*313 

0*94630 

0*97980 

1*01363 

1*04779 

1*08228 

1*11710 

2002 
, 2027 
2055 
20t0 
2108 

2137. 

2167 

2198 

2230 

2*63 

2297 

2332 

2368 

2405 

2443 

2482 

2522 

2563 

2605 

2648 

2692 

1 2735 

1 2777 
‘ 2818 

1 2858 

1 2897 
2935 
2973 

1 3010 

' 3046 

1 3082 

1 3H7 
3 * 5 * 
3*85 

3218 

3251 

3284 

33*7 

3350 

3383 

3416 

3449 

3482 
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Equivalents of Indices of Refraction and I^utyro-Refractometer 
. ' BshAings 


^efraLtive 

IndexJ 

< 

Wd. 




Fourth Decinjal of 

¥ 



f 

0 . 

1 


4- 

5* 

6. 

7* 

r 

8. 

9- 




! 

, Scale Readings. 

k 

€ 


1-422 

00 

o-i 

j 0-2 

0-4 

0-5 

0-6 

0-7 

0-9 

«i-o 

I-I 

1-423 V 

1-2 

1*4 

1-5 

1-6 

1-7 

1-9 

2*0 

2*1 

2-2 

2.-4 

0 -424 

2-5 

f-6 

2-7 

2-8 

3-0 

3-1 

3-2 

3-3 

3-5 

3-6 

^•425 

3-7 

3 -'8 

! 4*0 

4-1 

4-2 

4-3 

4-5 

rf *6 

47 

. 4-8 

1 -426 

5-0 

5-1 

5-2 

fi-4 

5-5 

5-6 

5-7 

5-9 

r6*0 

' 6-1 

1-427 

6-2 

6-4 

6-5 

6-6 

• 6-8 

6-9 

7-0 

7-1 

7-2 

7-4 

1-428 

7-5 

7-6 

7-7 

7-9 

8-0 

8-1 

8-2 

8-4 

8-5 

8-6 

1-429 

8-7 

8-9 

1 9*0 

9-1 

9-2 

9-4 

9-5 

9-6 

4 

9-8 

9-9 

>• 43 ° 

10*0 

10 *1 

10*3 

10*4 

10-5 

10*6 

10*7 

10*9 

n-o 

II I 

’•431 


...4 

1 1 '5 

11*6 

11-8 

n -9 

12-0 

12*2 

12*3 

12*4 

I -432 

12-5 

12-7 

12*8 

12*9 

13*0 

13*2 

13-3 

13-5 

13-6 

13-7 

1-433 

13-8 

140 

141 

14-2 

14-4 

14-S 

14-6 

14-7 

14-9 

15-0 

»-434 


15-3 

15-4 

15-5 

15-6 

15-8 

15-9 

i6*o 

i6*2 

16-3 

1-435 

16-4 

16 -6 

16-7 

16-8 

17*0 

17-1 

17*2 

17-4 

17-5 

17-6 

1-436 

17-8 

17-9 

18-0 

i8*2 

i8-3 

i8*4 

18-5 

i8*7 

18-8 

18-9 

1-437 

igj 

192 

19-3 

19-5 

19*6 

197 

19*8 

20 -a 

20-1 

20*2 

1-438 

20-4 

20-5 

20*6 

20*8 

20*9 

21*1 

21*2 

21-3 

21-4 

21 -6 

1-439 

21-7 

21-8 

22*0 

22*1 

22*2 

22-4 

22*5 

22-6 

22*7 

22-9 

1-440 

23-0 

23-2 

23-3 

23-4 

23 -5 

23-7 

23-8 

23-9 

24-1 

24 

1-441 

24-3 

24-5 

24-6 

24-7 

24*8 

25-0 

25-1 

25-2 

25*4 

25 -5 

1-442 

25 -6 

25-8 

25-9 

261 

26-2 

26-3 

26-5 

26-6 

267 

26-9 

1-443 

27-0 

27-1 

27-3 

27-4 

27-5 

27-7 

27-8 

27-9 

28*1 

28-2 

1-444 

28 -3 

28-5 

28-6 

287 

28-9 

29-0 

29-2 

29-3 

•^ 29*4 

29-6 

1 - 44 S 

29-7 

29-9 

30-0 

30-1- 

30-3 

30-4 

30-6 

30-7 

30*8 

3»9 

1-446 

31-1 

31-2 

31-4 

31-5 

31-6 

31-8 

31-9 

32-1 

32*2 

32-3 

1-447 

32-5 i 

32-6 

32-c 

32-9 

33 -‘0 

33-2 

33-3 

33-5 

33-6 

33-7 

1-448 

33 -9 ! 

34-0 

^ 4-2 

34-3 

34-4 

34-6 

34-7 

.34-9 

35-0 

35-1 

1-449 

35-3 1 

35-4 

35-6 

35-7 

35-8 

36-0 

36-1 

36-3 

# 

36-4 

36-5 

1-450 

36-7 ! 

36-8 

37 -q 

37-1 1 

37-2 

37-4 

37-5 

37-7 

37-8 

37*9 

1-451 

38-1 1 

38-2 

38-3 

38-5 

38-6, 

38-7 

38-9 

39-0 

39-2 

39*3 

1-452 

39-5 1 

39-6 

39-7 

39-9 

40-0 

40-1 

40-3 

40-4 

40-6 

40-7 

1-453 

40-9 

41-0 1 

41-1 

41-3 

41-4 

41-5 

.41-7 

41-8 

42-0 

42-1 

1-454 

42-3 

42-4 i 

42-5 

42-7 i 

42-8 

43-0 

43-1 

43-3 

43-4 

43*6 

1-455 

43-7 

43-9 1 

44-0 

44-2 ! 

44-3 

44-4 

44-6 

44-7 

44-9 

45*0 

1-456 

45-2 

45-3 1 

45-5 

45-6 1 

45-7 

45-9 

46-0 

46-2 

46 j 3 

46-4 

1-457 

46-6 

46-7: 

46-9 

47-0! 

47-2 

47-3 

47-5 

47-6' 

47-7 

47*9 

1-458 

48-0 

48-2 1 

48-3 

48-5 i 

48-6 

48-8 

48-9 

49-1 

49-2 

49*4 

1-459 

49-5 ■ 

49-7 i 

49-8 

50-0 1 

50-1 

50-2 

50-4 

50 •§ 

50-7 

50-8 


4UA 
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Equivalents ^OF Indices of Refraction and ButtrO'R^ractometer 
‘ ReadmAjs— coBlmutfi 


Refractive 


• Fourth Decimal of Mi» 


Index. ^ 

Wpi 

0. 

\ 

1 — 

I. 

2 . 

« 

3 - 

• 

4 - 

1 

5 - 

6 . 

V - 

s . 

9. 

i 

. 1*460 

• 

51-0 

51-1 

• 

51-3 

S 

51-4 

cale»B( 

51-6' 

-adings 

517 

4 

51-9 

52-0 

• 

52-2 

• 

52-: 


52-5 ' 

52-7 

52-8 

53-0 

5^1 

53-3 

53-4 

53-6 

537 

53 -‘ 

I *462 • 

54-0 

54-2 

54-3 

54-5 1.54-6 

54-8 

55-0 

55-1 

55-3 

55-^ 

1-463^ 

55-6 

55-7 

55-9 

56-0 

56-2 

56-3 

56-5 56-6 

56-8 

56 -< 

1-464 • 

57-1 

57-3 

57-4 

57-6 

57-7 

57-9 

58-0 

58-2 

58-3 

58-1 

* 1-465 

58-6 

58-8 

589 

59*1 

59-2 

59-4 

r 59-5 

59*7 

59-8 

^•c 

1^466 

60 -2 

60 *3 

60-5 

60 -6 

60 -8 

60 

61 -I 

61 -2 

61 *4 

61 -< 

V467 

61-7 

61 -8 

62-0 

62*2 

62-3 

62-5 

62*6 

62-8 

62-9 

63-1 

r‘468*. 

63-2 

63-4 

63-5 

637 

4 , 3-8 

64-0 

64-2 

64-3 

64-5 

64-' 

1-469 

64-8 

65-0 

65-1 

6^3 

65-4 

65-6 

657 

65-9 

66-1 

66-: 

1*470 

66-4 

66-5 

66-7 

fi6-8 

67 -0 

67-2 

67-3 

67-5 

67-7 

67 -J 

1-471. 

6^-0 

68-1 

68-3 

68*4 

68-6 

68-7 

68-9 

69 • I 

69 -2 

69-^ 

1-472 

69-5 

69-7 

69-9 

70-0 

70*2 

70-3 

70-5 

70-7 

70-8 

71 -c 

1-473 

71 *1 

71-3 

71-4 

71-6 

71-8 

71-9 

72-T 

72-2 

72-4 

72-1 

1-474 

72-7 

72-9 

73-0 

73*2 

73-3 

73-5 

737 

73-8 

74-0 

74-' 

1-475 

74*3 

74-5 

74-6 

74-8 

75*0 

75-1 

75-3 

75-5 

75-6 

75 -f 

1-476 

76-0 

76-1 

76-3 

76-5 

767 

76-8 

77-0 

77-2 

77-3 

77-1 

1-477 

77*7 

77-9 

78-1 

78-2 

78-4 

78-6 

787 

78-9 

79-1 

79 -; 

1-478 

79*4 

79-6 

79-8 

80 -o 

8o-i 

80-3 

80-5 

80 -6 

80 -8 

81 -t 

1-479 

8i-2 

81 -3 

8 . -5 

81 -7 

81-9 

82-0 

82-2 

82-4 

82-5 

82-' 

I -480 

82-9 

831 

83-2 

83-4 

83 -6 

83-8 

83 9 

84-1 

84-3 

84-1 

I -481 

84-6 

84-8 

85-0 

85-2 

85-3 j 

85-5 

857 

85-9 

86-0 

86-: 

1-482 

86-4 

86*6 

86*7 

86-9 

87-1 1 

87-3 

87-5 

87-6 

877 

88 -c 

1-483 

88-2 

88-3 

88-5 

88-7 

88-9 ! 

891 

89 -2 

89-4 

896 

89 ■{ 

1-484 

90*0 

90-2 

90-3 

I 

90-7 

90-9 

91-1 

91 -2 

91-4 

91 -r 

1-485 , 

91-8 

92 -0 

921 , 

r 92-3 i 

92-5 

927 

92 -9 

93-0 

93 2 

93-^ 

1-486 

93-6 

93-8 

94-0 I 

94 - 1 , 

94-3 

i 94-5 

94 7 

94-8 

95-0 

95-: 

•1-487 

95-4 

95-6 

95-8 1 

96 0 

961 

96-3 1 

96-5 

96-7 

96-9 

97 -c 

1-488 

97-2 

97-4 

97-6 j 

. 97-8 

98-0 ; 

.98-1 i 

98-3 

! 98-5 

987 

98 •( 

1-489 

991 

99-2 

i •» 9-4 

! 99-6 

99-8 

fCOO’O 


1 . . 







APPENDIX VI 

\ SlANDASDISATICfN bF VISCOMETERS 

♦- 

Pmpare eight solutions of purest glycerin in 4 istille^ water by weighing 
the glycerin carefully and thoroughly mixing together. The solutions are 
placed in stoppered bottles, 250 c.c. of each being a suitable quantity. 

' Per cent. 

(I.) Glycerol no gems, make up to 250 c.c. with water (44 ’o) 


(II.) 

„ 142-5 

>) 

yy 

» (< 6 - 9 ) 

(III.) 

.. 165 

»» 

* • 

„ (66.0) 

'■ (IV.) 

.. 177-4 


yy 

.. (71-0) 

(V.) 

„ i88-2 „ 

t yy 

yy 

‘ (jS- 3 ) 

(VI.) 

>. 201 


yy 

( 80 - 4 ) 

(VII.) 

.. 227 

yy 

yy 

„ (90-8) 

(VIII.) 

.. 237 

1 

y\ 

yy 

( 94 - 8 ) 



APPENDIX VII 

Notes on RECENfL^ Pub lalOntLU VT UKI 

‘Rancidity (Page 7) 

• 

‘ J. Bulir (B.C^A.^ 1926, i, B66) suggests the use of a-diaminodipheny- 
lamine»sulpljate as & test for rancidity in* fats. He considers the following 
to be better: Shake i c.c. of the fat d^solved^n light petroleum with 2 c.c. 
of 20 percent, alcoholic potassium iodide solution, add 15 c.c. of water, 
shake, and fest the aqueous layer with starch paste. A blue colour indicates, 
that the fat is rancid. 


The Drying (5f*Oils (Page 9) 

L. Auer (B.C.A,f 1926, i, B450) shows that linseed oil “ dried ” in an 
atmosphere of carbon dioxide ornn a “ vacuum increased in weight, but 
not in the vacuifm produced by a mercury pump, whilst H. Wolff (ibid,) 
considers "that, as linseed oil varnishes dry in an atmosphere containing so 
little oxygen, the drying process is essentially of colloidal type, and is possibly 
independent of the oxidation reaction. G. F. A. Stutz, H. A. Nelson, and 
F. S. Schmutz (ibid., 20) consider that during drying on exposure to light 
oils evolve hydrogen peroxide. The composition of the films of polymerised 
oils is dealt with by V. J. Marcusson (tbt'd,, 500), 

Fatty Acids (Pages 28-35) 

Barium Salts (pages 28 and 39). — The following solubilities of barium 
stearate and barium ricinolcate have been found by K. Inokuchi {B,C,A,^ 
fqzfi, I, B285). 

Solubility in absolute alcohol in grms. per loo grms. 


Temperature ®C. 

IBa. Stearate. Ba. l^icinoleate. 

10 

tmce 

0'06 

20 

trace 

0-13 

30 

trace 

0*33 

40 

0-014 

2-00 

50 

o-oi8 

9*37 

60 

0*^24 

2819 

Solubility in alcohoP(J 1574*^ 0 

• 

•8119) of barium stearate 

Temperature 

• 

®C. Solubility gims. per 100 grms. 

20 


trace 

30 


o-on 

40. 


0-017 

SO 


0-022 

60 


0-029 
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Arachidic Acid (page 30). — W. D. Cohen 1926^ i, B98) finds 

that the arachidic acid of arachis oil has* MPt. 74*5°-7S° and he finds in 
addition a Cu acid having M.Pt. 8o°-8o*5° which probably has a straight 
carbon chain. No C22 acid was found (cf.^Ehrenstein and Stuewer, J.S.C J., 
1923, 42, 1031). I^, Holde Und N. 1 ^. Godbole 192/), i, A268, 

498) find that arfchis oil contains a nexacosoic acid C20H52O2 having M.Pt. 
79°, whi^h is possibly identical with the cerotic acid from b 4 eswax. They 
further isolated lignoceric acid, C 24 H 4 a 02 , having M.Pt 8o*s°-8i‘0°. 

Erucic Acid (pCge B35). — A. W. Thomas and M. Mattikow {Analyst^ 
1926, 51, 315) suggest the separation of erucic acid from ppe oil by meSns 
of the magnesium salt. They also give a laboratory method o([ hydrogenat- 
ing erucic acid to behenic acid. ^ 

• 

Miscellaneous References 

The following papers nave also been published : 

R. L. Shriner and R. Adams (iJ.C.A.y 1926, i, A47). “ The Structure 
of Chaulmoogric Acid.” 

“ Iso-oleic Acid and Other Unsaturated Fatty Acids Formed by 
Distillation of a-llydroxystearic Acid. V. Vesely and H. Majtl {B.C.A.y 
1926,1, A47). 

“ Glycerol-Phosphoric Acids from Lecithin.” P. Karrer and H. 
Salomon (ihid.y 384 A). 

” Prcf>aration of Triacetin.” S. Kawai (ihid.y 281 A). 

“ Ethyl jS-l I ydroxy butyrate.” A, DewacI (Jbid.y 3<S4A). 

A. Grun and W. Czerny (ibid.y 269A). ‘‘ Preparation and Properties 

of Octadecenoic Acids.” 

” Oxidation of a and j 5 -Hydroxybiityric Adds with Hydrogen Per- 
oxide.” E. J. Witzemann {ibid.y 270A). 

“ Resolution of Glycerol a-Phosphoric Acid.” P. Karrer and P. 
Benz (ibid.y 3 83 A). 


The Sterols (Page 40) 

J. V. Stcinle and L. Kahlcnberg [Analyst^ 1926, 51, 310) suggest the 
detection and colourimetric determination of cholesterol and phytosterol 
together by means of a chloroform solution of antimony pentachloride, 
which forms a muddy brown precipiiate soluble in excess of chloroform, 
and which solution, on exposure to light, yields a cobalt-blue solution. 


Separ.\tion of Fatty Acids 61) 

The surface tension of fatty acido in benzine solution in contact with 
dilute soda solutions is stated by R. Dubrisay (B.C.A.y 1926, i, B99) to 
distinguish readily between pure acids and mixtures having the same 
refraction . 


Lieberaiann-Storch Test (Page 79) 

H. Wolff (ibid. 66) states that linseed oil giving a pseudo Liebermann- 
Storch reaction may be distinguished from those adulterated :?itn rosin oil 
by the fact that the violet colour is produced immediately by the latter, and 
after a longer time, especially after passing through brown and red, by the 
former. 
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liUALITATIVE AND QUANTITATIVE TeSI^ 

Unsaponifiahle Matter (page leo). — The Ajnerican methods for this test 
have lately been comparJd 1^26, 3, J4). D. Jlolde and A. Gorgas 

(B,C,A., 1926, I, B98) have pointea out a possible sourcejof error in using 
the qualitative test for unsaponifiahle matter, especially in fish .oils, and 
suggest the^ addition* of water drop by drog to the alcoholic soap *olutioft. 

Colour. American Committee has published suggested methocte for 
determining the ^colour of cotton-seed and other vegetable oils (J.O.F./., 
1926, ^ 189^ * , , . * 

Acid -Value (page 116). — T. Hidakar {ibid* p. B199) states that the oil 
should b# emulsified with water and then filtered before tlie acid value is 
dej:ermined* He names the acid value of the treated oil, jhe “ real acid* 
value *’ and the value obtained by subtracting this from the acid value«jj>f the 
untreated oil he describes as the “ impure acid value.” 

Pf rapid method for the determination of free fatty acids in cotton-seed oil 
is given bJ*H. B. Battle {J.O.F.l.y 1926,% i^9)- 

Iodine Value (page 137). — A large quantitv of work is still being published 
on slight variations in the various .standard methods. The following papers 
may be consulted. : 1926, i, B20, 199, 414, 447, 499. 

H. P. Jvaufmann {ibid., 447) suggests the use ol solution of bromine 
in absolute methyl alcohol saturated with sodium bromide. 

It is pointed out by B. M. Margosches and H. Fuchs {ibid., 371) that the 
natural variations in the iodine value and “ upper iodine ” value (page 141 
supra) are quite parallel so that the difference between these, only varies 
within narrow limits, and is characteristic for each lat. 

Thiocyano^en Value (page 144).- -Further work on this method has now 
been published {Analyst, 1926, 51, 157, 264). it is stated that the most 
suitable solvAit is glacial acetic acid obtained by distilling a good commercial 
glacial acid (at least 99 per cent.) over phosphoric anhydride and collecting 
for use the traction 118 -120 . The distillate being received in a vessel 
having a calcium chloride seal. The reagent is prepared by dividing the 
prepared acetic acid into tuo equal porti<'ns, to one of which is added (in 
absolutely dry glass stoppered vessels) the calculated amount of bromine 
(plus 5 per cent, excess) to give a solution of the required normality 
(o-i-o- 05 N)i * 

,In the second Hask is suspended the quantity ot pure lead thiocyanate 
(previously dried over phosphoric pentoxide) to react with the bromine in 
the other flask (plus 50 per cent, excess) — Pli(SCN). ! Br^ PbBr2 + (SCN).,. 
The bromine solution is ackled, with continiTal shaking, to the acid in which 
the leacf thiocyanate is suspended, and the mix’ing continued until decolor- 
isation is compiete, after whkh the solution of free thiocyanogen is filtered 
through a dry filter from the lead bi^imidc and excess of lead thiocyanate. 
It is standardised by, adding admeasured vMume of it to potassium iodidoi 
solution (not vice-versa, or hydrolysis occurs), and titrating the liberated 
iodine with thiosulphate. Tcf prevent polymerisation 'of the thiocyanogen 
the solution should be* kept in the dark, and restandardised before use. 
The method of carrying out the process is as follows : A weighed ejuantity 
(o-i to 0*2 grm.) of the oil is dissolvecf in sufficient o-iN or 0 05N solution 
of the rC^geit^ to give an excess of 100 to 500 per cent, of thiocyanogen. 
After the absorption (5 to 15 hours according to the oil) the mixture is 
poured into ait excess of an aqueous solution of potassium iodide, and the 
liberated iodine titrated. ^ Simultaneously a blank determination is made 
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with the thiocyaoogen solution under the same condition^. I^r comparison, 
the results are expressed as iodine values. ' * ^ 

It has been found that with oleic, erucic and brassidic acids the results 
agree with the Hanus method but that, with fatty acids containing a triple 
bond there was no absorptiomof thi^cy^nogen, whifit trilinolin gave aValue 
equal to half the Hanus value, the same result being obtained for elssostearin* 
The method has been used to determine the amount of linolic^cid in various 
oils‘'as follows: Castor oil, i-2^olive oil, 4*9;^arachiS oil (five samples), 
22 -s'i 23-1, lo-i, t8-6, 19*8; rlmond oil (2 samples), i6-o, 14*8; rape oil, 
33-1; Cacao butter, 0*0 ; coconut oil, o*o; poppy-seed oil^ 63-8* sesame 'oil 

(4 .samples), 38*8; 37-8; 35-0; 36-5. 

« 

Individual Oils 

Poppy-Seed Oil (page 181). — The seeds of the opium poppy have been 
found by H. E. Annett and M. N. Bose {B.C,A,y 1926, I, B66) to contain 
about 50 per cent, of fat calculated on the dry seeds. 

Soya-Bean Oil (page 188). — The composition of a sample of ^oya-bean 
oil has been found by H. Pfahler (ibid,^ 413) to have the following com- 
position: linolenic acid, 1-9 per cent.; linoleic acid, 29*2 percent.; iso- 
linoleic acid, 24*3 per cent.; oleic acid, 30*8 per cent.; stearic acid, 7-0 
per cent.; palmitic acid, 2-4 per cent. 

Cotton- Seed Oil (page 212). — The following papers on cotton-seed oil 
appear in Volume III of the Journal of Oil and Fat Industries : 

“ The Keeping Quality of Crude Cotton-Seed Oil.'' G. S. Jamieson 
and W. F. Baughman. Page 75. 

** A Method for the Analysis of Cotton-Seed." C. H. Cox. Page 
125, cf. page 34, T97, 209. 

" Determination of Lint in Cotton-Seed.” T. L. Rettg^. Page 135. 

“ Constituents of Crude Cotton-Seed Oil." G. S. Jamieson. Page 

153. 

“ The Proteins of Cotton-Seed.” D. Wesson. Page 165. 

" Results of Cotton-Seed Meal Feeding Investigations." Page I70.» 

“ Gossypol and Cotton-Seed Meal Poisoning." E. W. Schwartze. 
Page 173. 

“ Oil and Ammonia Content of Varieties of Cotton-Se^d.” A. F. 
Sievers and M. S. Lowman. Pagp 191. 

" Determination of Moisture in Cotton-Seed Meal." Page 193. ^ 

Olive Oil (page 267). — Papers on the prej aration and properties of 
“ sulphur " olive oil are given by G. H. P. Tifevithick with M. F. Lauro 
and W. H. Dickhart (J.O.F.L, 1926, 3, 77, 128). 

A sample of Spanish olive oil (iodine value 82*7) was found by K. Taufel 
«and J. G. Sarria {B.CA,, 1926, i', B332) to contain stearic acid, 2*3 per cent.; 
palmitic acid, 7*6 per cent.; oleic acid, 83*9 per cent.; and linoleic acid, 
0*5 per cent. Arachidic acid was not found whilst triolein and a-palmito- 
diolein were isolated. 

Oil of Datura Alba. — The seeds of Datura Alba yield about 13 per cent, 
of oil on extraction (H. Dieterle, B.C.A., 1926, l, B372). The character- 
istics and composition of the oil are given. 

Shea Butter (page 295). — R. Ehrenstein {Analyst^ 1926, 51, 40) found 
the fatty acids of shea butter to have M.Pt. 55*5° C. and iodine value 50:8 
and that they consist practically solely of sieaiic and oleic acids. The 
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unsapomfiaWc fwrtiln of the butter contains a phytosterol^MJt. 149® C. 
togedier with alcohOT-soluble and alcohol insoluble constituents, having the 
respective formulae C42H7|08 and CS4H144O8. The polymerisation of the 
formal into the latter proceeds spontaneously .and is accelerated by rise of 
temperature; it is accompanied by disappearance of th^linking C: C. The 
acetyl values of both of these constituents are about 90 a^d relate only to 
secondary alcoholic groups. , 

Cacao gutter (page 30iV“T. Sabalits^ka 1926, i,*B2o) 5 )n- 

firms the necessity of keeping cacao butter several weeks jffter melting before 
the M.Pt. is takep, ,Hc prefers Welman’j method {Pham. Ztg.y 1900, 45, 
959) or'some^ethod which does not require the fat to be melted before tbe 
test is supplied. H. Fincke (ibid.y 736^ states'that the smaller cacao beans 
contain a^ijialler percentage of fat and more husk and germ than usual. 
The husk fat was found to be very acid. The germ fat had, a low saponi- • 
ficatign value and an unpleasant taste. It is suggested that the presence of ^ 
these fats in cagao butter is indicated by increased* fibre content and acidity 
of tHt fat^ J. Hanus and B. Komoras(jva and J. Lukas {ibid.y B140), recom- 
mend the ethyl ester value for the^detection of coconut oil in cacao butter 
although it is difficult to see the advantage of this over the Polenske method. 

Coconut Oil (page 323).— H. J. Watermann and H. J. Rijkes {B.CA.y 
1926, I, B499) have distilled coconut oil at a pressure of 0-003 mm. Four 
fractions Avere collected at 208^^-218°, 2i8°-223^*223°-232'', 232°-259®. 
Practically no decomposition occurred. (Cf. Caldwell and Hurtley, suproy 
page 330.) 

Ox-Liver O//.— This oil has been examined by K. ICimura (B.C.A.y 
1926, I, B285), characteristics and composition are given. 

Butter Fat in Margarine (page 411).—!. Kuhlmann and J. Grossfeld 
(Analysiy 1926, 51, 305) extend the “salting out” process of Gilmour 
(ibid., 1925, ^0, 276) by the addition of coconut oil soaps, in the following 
way: Five gwns. of the fat are saponified with 2 c.c. of potassium hydroxide 
* solution (750 grms. KOH per litre) and 10 c.c. of glycerin, and the soap 
solution cooled below 100° C., and diluted with 100 c.c. of water. The 
liquid is then cooled to 20"" C., treated with 50 c.c. of dilute sulphuric acid 
{25 c.c. H2SO4 per litre) 15 grms. of powdered anhydrous sodium sulphate, 
10 c.c. of coconut soap solution (pure coconut oil (100 grms.) is saponified by 
heating it with 100 grms. of glycerin and 40 grms. of potassium hydroxide 
solution (ygb grms. per litre) arfd the solution, when cold, is made up to a 
litie), and a pinch (about 0*1 grm.) 0^ purified kieselguhr. The flask is then 
repeatedly shaken, allowed to stand for 10 minutes or longer, its contents 
filtered through a dry filter, and*i25 c.c. of*the clear filtrate distilled (after 
additiortof a little j)umice-stone) until no c.c. of distillate have been obtained 
in a period of 20 minutes. *This distillate is titrated (without filtration) with 
O'l N sodium hydroxide solation, pl^pnolphthalein being used as indicator. 
A blank determination, without the fat, but with 10 c.c. of the coconut soap 
solution, is made, and the difference between the number of c.c. of alkali inp 
the two determinations calculated on 5 grms. of the fat, and expressed in 
terms of o-i N solution^is terfced the “ butyric acid value.” 

Butter fat gives figures between 18 -6 and 23-0 (average 20*3) whilst 
coconut oil gives o-8-ro (average 0-9). J. Grossfield in a later paper (B.C.A., 
1926, I, 1^7) states that the ratio between the factor for butter fat and 
coconut ml by this proces#is 81,* as compared with 3-8 for the Reichert 
value and 12 for his “ B ” value. The probable content of butter fat in a 

•This is not •borne out bv the figures given e.g., 20*3 for butter and 0-9 for 
coconut oil. 
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tube and shaken. , The oil dissolves to form a blue sojfition which assumes 
a purple tint in a few seconds and gradually fades, /fhe reaction is char- 
acterised by a well-defined absorption band (A 550-590), which persists for 
about 5 minutes. A one per cent, solution in petroleum spirit of a highly 
growth-promoting Newfoundland cod-liver oil wa# found to react in/?ensely 
with I cjc. of arsenic chloride in amounts of 0*05 c.c. (0-5 mg.) of oil. 
The limit was reached with 5 cmm. (=^0*05 mg.), measured CA^ith a Wright’s 
caj^illary « pipette. A suitable colour standard for the afsenic chloride 
reaction is a mixture of 100 ,p.c. of crystal violet solution, i .••10,000 with 
50 c.c. of methylene blue solution of the same strength (both in alcohol). 
The colour produced by 20 mg-, of the Newfoundland ftil ( = i drop from 
a pointed glass rod of 3 mm.^diamet^r) with i c.c. of arsenic chJoride matched 
the standard dye solution diluted in the proportion 3:2. ♦ . 

W. R. Fearon (ibid.y 31 1) finds that it is not possible to isolate vitamin- A 
by means of the colour reaction with phosphorous pentoxide. J. C. Drum- 
mond, H. J. Channon, and K. H. Coward {Analyst^ 1926, i, 312) cdnsider 
that little success has yet followed attempts to isolate vitatnin-A, and they 
criticise Takahashi’s claims to have' isolated this substance as an-'ansaturated 
alcohol C27H44O0 (“ biosterin ”) having the following characteristics: 
0-9561; 1*52517; optically inactive;^ B.P., 147^ at 0*2 mm.'; Mol. Wt., 

375 approx.; iodine value, Wijs, 178; acetyl value, 137;^ o-ooi mg. ^ main- 
tains health in rats for several weeks and doses greater than 10 mg. are toxic 
(J.S.C.L, 1925, 44, B860). 

11 . W. Southgate {Analyst^ 1926, 51, 94) has shown that when cod-liver 
oil is slowly heated out of contact with air to 300^’ C. the anti-rachitic and 
growth-promoting factors contained in it appear to he completely destroyed. 
If it is slowly heated to 200"" C. and maintained at this temperature for some 
hours these two factors slow'ly disappear pari passu. Oxidation from ex- 
ternal sources is unnecessary for the destruction of these factors at these 
temperatures. If oxygen is excluded, the chemical compound ft)r compounds) 
representing these factors is fairly stable to lieat. 1 

Miscellaneous References 

“ The Rapid Determination of Oils in Oil-Seeds,” H. C. Fellows. 
J.O.F.L, 1926, 3, 1 12. 

“ Digestibility of Animal Fats,” A. D. )Iolmes. J.O.F.I.y 1926, 3, 11. 

“ Environment Factors affecting Proteins and Oil Contents of Soya- 
Beans,” and the “ Iodine Value of Soya-Bean Oil.” y.O.F.I., 1926, 3 40. 
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